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PREFACE.

WE all know the legend of the Sphinx, who on the mountain

path stops the wanderer on his way and proposes her
riddle. And the riddle which she proposes to you and to me and
to all mortal beings, is the same old world-problem, What is man ?
‘Whence does he come and whither does he go ?

‘What is more interesting to man than his own soul | And what,
at the same time, is so mysterious, so wonderful, so marvellous !
Our pleasures and pains, our loves and hatreds, our hopes and
fears, our longings, our aspirations and ideals, what is their mean-
ing and whither do they tend ?

For us the centre of the universe lies in our own mind.
Here, if anywhere, must be sought the key to the mysteries of the
cosmos. And the problem of the human soul is of most vital im-
portance ; for every practical work, every success in human life,
is a part of its solution. All progress, all evolution, all growth
means a development, an expanse, and an elevation of the human
mind. We cannot think of any improvement of economical, polit-
ical, social, scientific, or religious conditions that is not at the
same time an advance in the psychical life of man,

The psychological problem is the centre of philosophy. No
philosophy can evade it ; and vice versa, every presentation of the
psychological problem must contain at least iz nuce a philosophy.
‘We cannot have a conception of the soul which is not, or does not
at least suggest, at the same time, a conception of the world. The
worid-problem means to man the problem of the human soul.

V264560
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But the importance of the problem of the soul is greater still.
It supplies the basis of ethics. The prosperity, the salvation, and
the health of the soul are the purpose of life ; they are the goal of
all our efforts ; they are the contents of ethics and religion.

*
* *

In delivering this book to the public I feel urged to express
my deep indebtedness to Mr. Edward C. Hegeler, of La Salle,
Illinois. All the work I have been doing has become possible in
the way it has been dome, solely through his assistance. It is
not so much that he has furnished the means by which 7%
Open Court and The Monist are supported, it is mainly the en-
thusiasm for a great cause, the discriminating intelligence and the
strength of conviction that have created the opportunity, the aim,
and the purpose for which I have been permitted to work.

Among all the ideas which have inspired Mr. Hegeler to un-
dertake a missionary work which is best characterized as a propa-
ganda for the Religion of Science, the most important one has
been his recognition of the soul as form. This idea found a sym-
pathetic echo in my mind ; it well agreed with my conception of
form and formal thought. Formal thought furnishes the key to
the comprehension of the world, because the forms of things are
that element which makes the things what they are ; and the laws
of form being the same in the forms of the objective world as well
as in the forms of subjective thought, are the bridge which over-
arches the apparent chasm that opens up between the cognizing
subject and the cognized object, between the soul and the universe.

The idea of form is not a mere speculative theory. Like all
theories that are correct, it is of eminently practical importance.
The practical importance of the counception of the soul as form
throws light upon all religious and ethical truths, and most so
upon the problem of life after death;* indeed it yields a scientific

* The term “‘life after death being a positive expression seems to be
preferable to the negative term ‘* immortality.” The latter has the advantage
of being commonly accepted, but this advantage is intimately interwoven
with the disadvantage that the errors of the old view are attached to it.
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explanation of the truth contained in the religious idea of immor-
tality which is the most powerful factor in the aspirations of our

race.

*
* *

It is apparent that the ideal of a Religion of Science cannot
be realized before the problem of the human soul in its main
features at least has been solved by scientific inquiry on the
ground of the exact data of verified and verifiable facts. Many
diligent workers have labored and are still laboring in the field of
psychc;logy, but the results of their labors have not as yet been
compared, critically sifted, and collected in one work.

If a work of this kind bad existed, the author would perhaps
never have ventured to write the present book. There are innumer-
able Psychologies, innumerable Physiologies, innumerable Anato-
mies, and floods of pamphlets discussing the many problems and
incidents of experimental psychology. But there is not one book
in any language as far as I know, in which all the facts of these
various branches of science are géthered and presented in their
connection. There is not one book in which the problem of the
human soul is treated scientifically in its philosophical, ethical, and
religious importance. ‘A book of this kind is a want, which the
author has tried to fill.

Although the present book is in a certain sense a review of
the present state of investigation, it is not a mere compilation of
the labors of others. Not only is the method new in which the
subject-matter in its connection with philosophy and ethics is
presented, but also several importan. ideas and interpretations of
facts have been added by the author. Some of them will per-
haps readily find recognition. Others appear to be in conflict
with the most prominent living authorities ; thus, for instance, the
explanation of the nature of pleasure and pain (pp. 338-345).
Others still are hypotheses the value of which will depend mainly
upon the light that may be gained through future investigations.
Such are the theory concerning the seat of consciousness (pp. 194-



viii THE SOUL OF MAN.

208) and the problem of sex-formation (pp. 234-237). As not the
least important feature of the book I consider its philosophical
foundation, which (if the author's views are sound) corroborates
the unitary conception of the world, commonly called Monism, or,
more exactly expressed, Monistic Positivism.

The field of psychological problems is large, and the diffi-
culties of the subject are great. Yet the author has tried to pre-
sent the different topics with conciseness and with clearness. No
trouble has been spared in collecting and critically sifting the latest
results of anatomical and physiological investigations from the
highest authorities in this field of inquiry; and pains have been
taken to reproduce from the best sources the most instructive illus-
trations of the various nervous tissues and cerebral organs for
the explanation of their action.

It is to be expected that this bock will not satisfy the expec-
tations of many, for two reasons. First because if a man possesses
prejudices, his prejudices will certainly be strongest with refer-
ence to the problem of the human soul. Differences of opinion
must be anticipated. Nevertheless, if this book does not present
the favorite ideas of some among my readers, they are kindly re-
minded that it is not my purpose to propound transcendental or
metaphysical speculations, but to arrange and systematize facts.
Whatever speculations a man may hold he must be aware that
speculations must never collide with facts; and so the book will
perhaps after all be found to be useful. The second reason why the
book will not satisfy the expectations of many might be the insuffi-
ciency of the author to do full justice to so great an undertaking,
which demands not only extensive reading but also great accuracy
and precision of judgment. Wherever I have failed either in the
former or in the latter, either by not taking notice of important in-
vestigations of others or in judging wrongly concerning the im-
portance of the facts offered, I can only say in excuse that I have
endeavored to do my best. /n magnis voluisse sal est.

THE AUTHOR.
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FEELING AND MOTION.

-

In physiological text-books there often occurs the
misleading expression ‘‘change of consciousness into
will” or of ¢¢feeling into motion.” This appears to
suggest the interconvertibility of motion and feeling
and has prompted philosophers to propound mechan-
ical explanations of the origin of feeling. All these

. explanations were failures, for the foundation upon
which they rested, namely, the interconvertibility of
motion and feeling is an error. Motion and feeling
are radically different in their nature. Motion can
never be transformed into feeling, nor can feeling
be transformed into motion.

Before we proceed let us note that feeling and mo-
tion, although quite different in their nature, are not
separate realms of existence. There are no feelings
that exist by themselves ; feelings are states that ac-
company certain motions. Says Ribot in his ¢¢Psy-
chology of Attention " : *

**,...The intermission in an apparent continuity alone
renders possible any long attention. If we keep one of our
eyes fixed upon any single point, after a while our vision becomes
confused ; a cloud is formed between the object and ourselves,
and finally we see nothing at all. If we lay our hand flat

upon a table, motionless, and without pressure (for pressure itself
is a movement), by slow degrees the sensation wears off, and finally

* English translation published by the Open Court Publishing Company,
p. 17.
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disappears. 7 reason is, that there is no perception without move-
ment, be it ever so weak. Every sensorial organ is at the same
time both sensitive and motory. As soon as absolute immo-
bility eliminates one of the two elements (motility), the function of
the other after a while is rendered null. In a word, movement is
the condition of the change, which is one of the conditions of con-
sciousness.” :

For the sake of clearness we shall distinguish be-
tween feeling and sensation. By sensation we under-
stand a process of nervous irritation which is perceived.
By feeling we understand the state of awareness only,
that accompanies the nervous commotion of a sensa-
tion. Sensation is a certain motion accompanied with
feeling. Feeling is that part of the sensation which is
no motion ; the word feeling signifies that intangible
something which, we trust, every animal being knows
from experience. Feeling is entirely different from
motion and can be expressed in terms of neither mat-
ter nor motion. Feeling is not material and it is not
mechanical, i. e., it is not motion. It constitutes
something sui gencris.

By saying that feeling is neither material nor me-
chanical, we do not maintain that it exists by itself.
Feeling is real as much as are matter and motion. In
contradistinction to the objective reality of material
things, we may call it subjective reality. Its existence
is not proved by external activity but by ‘the internal
state of awareness. Its reality accordingly is most
immediate and direct, so that it would be ridiculousto
doubt it. Indeed there have been philosophers who
doubted the existence of the material universe and its
mechanical action, yet these skeptics did not deny the
existence of feeling.

Professor Clifford in his excellent essay on the ‘Na-
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ture of Things’ in themselves, distinguishes between
object and eject. He says:

‘‘ There is the external or objective order in which the sensa-
tion of letting go is followed by the sight of a falling object and the
sound of its fall. The objective order, gua order, is treated by
physical science which investigates the uniform relations of objects
in time and space.

‘“ However remote the inference of physical science, the thing
inferred is always a part of me, a possible set of changes in any
consciousness bound up in the objective order with other known
changes.” )

The objective order is represented by physical
science as a system of motions that follow one another
according to strict laws. What now is an eject?
Professor Clifford says :

¢* There are, however, some inferences which are profoundly
" different from those of physical science. When I come to the con-
clusion that yox are conscious and that there are objects in your
consciousness similar to those in mine, I am not inferring any
actual or possible feelings of my own, but your feelings, which are
not, and cannot, by any possibility become objects in my conscious-
ness.

. ... These inferred existences are in the very act of infer-
ence tkrown out of my consciousness, recognized as outside of it as
not being a part of me. I propose, accordingly, to call these inferred
existences ejects, things thrown out of my consciousness to dis-
tinguish them from objects, things presented in my consciousness,
phenomena."”

Let us represent the processes observable in the
objective world by Italic letters. 'What we call things
or occurrences are either simultaneous or success-
ive groups of 4 B C, RS 7, etc. Among these
groups there is one /7 X L which is called our body ;
and some motions of 7/ X Z are accompanied with feel-
ings. Now for the sake of distinction let usrepresent
feelings with Greek letters. We find that certain 7/ KX L
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are accompanied by z x A.* A certain motion is ac-
companied by a corresponding feeling, so that as far
as certain activities of our body are concerned, there
appears a perfect parallelism. If we consider our
body as a mechanism, we find only motions and noth-
ing but motions. The chain 7 X Z is uninterrupted.
If we consider ourselves as pure mind and nothing
but feeling, we find only states of consciousness and
nothing else. We find no motion.

Our fellow-men, and also animals, being endowed,
as we believe, with feeling, are, so far as we can ob-
serve, other bodies, and their lives represent such
chains as /' X' L', I'* K'* L', etc., which, as we sup-
pose, are accompanied by 2’ x’ A/, ¢ x‘' A, etc.
These series of #‘ » A, v/ »x'* A‘, etc., are not di-
rectly observable. They are what Clifford calls “ejects.”

If physiologists say that a change of motion into
feeling takes place, they can mean only that a certain
motion is transferred, which now is and now is not
accompanied with feeling. Itis, however, a loose way
of speaking. Instead of saying:

HIKLMN
1t x A
where A is the motion producing a sensory irritation
and M muscular motion, /N the movement of an object
effected by muscular motion, 7 X L being accom-
panied by z x A, they say :
Hi1x A M N
Thus they jump from one series into the other.

* The method of employing a series of Italic letters to express objective
realities, and a series of Greek letters to express subjective realities or feel-
ings, (4B C, R S T, representing objects, / KL our own bodies, ¢ k A states
of consciousness) was suggested to me by reading an article of Professor
Mach on the Analysis of Sensations. However, Professor Mach’s application
is different, '
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The method is incorrect and can be considered par-
donable only in so far as z » A appear to us for certain
purposes of much greater consequence than 7 X L.
The group 7 X L is called soul or mind only in so far
as it is accompanied with z x A.

The question now arises : How can we account for
the sudden appearance of feeling. It cannot be ex-
plained as a transformation of motion. The inter-
convertibility of motion and feeling must be rejected,
and Clifford, in contradistinction to all philosophers
who try to explain everything from matter and motion,
most emphatically declares : .

“Tosay: 'Up to this point science can explain,—here the
soul* steps in,’ is not to say what is untrue, but to talk nonsense."

Clifford adds:

The question, ** Is the mind * a force?” is to be condemned by
similar considerations. . . . . Force is an abstraction relating to
objective facts . . . . and cannot possibly be the same thing as an
eject, another man'’s consciousness.

But the question, ** Do the changes in a man's consciousness
run parallel with the changes of motion, and therefore with the
forces of his brain ? " is a real question and not grima facie non-
sense.

Clifford affirms this question. He maintains that
there is a correspondence between body and mind,*
as there is between a written and a spoken sentence.
There is a correspondence of element to element,
each written letter although quite a different thing
from a sound, corresponds to a certain sound. The

* Soul and mind are used here as a synon'ym of the sum total of feel-
ing or of consciousness, i. e., concentrated feeling. Theyrepresent the series
ek, KA, KA etc.

Some understand by such words as soul, mind, etc., mere states of con-
sciousness ¢ x ), some the objective nerve structures and their functions 7 X" L,
others still groups of facts consisting of both series /; Kx L}. It is apparent

that a difference in the usage of terms without further indication as to their
meaning, must be productive of great confusion.
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written sentence as well as the spoken sentence ¢‘ are
built up together, in nearly the same way. .. ..
The two complex products are as wholly unlike as
the elements are, but the manner of their complica-
tion is the same.”

Now we know that certain motions are accompa-
nied by consciousness, and that others, so far as we
can see, are not. How can we account for the appear-
ance and disappearance of consciousness ?

We know that certain dim feelings become con-
scious by concentration. The mechanical process of
nerve activity gives us the key to this explanation, for
we have different degrees of feeling corresponding to
different degrees of intensity produced through a con-
centration of nerve activity. Consciousness rises from
simple feelings. But whence does feeling come ?

Feelings must be considered as a complex of cer-
tain elements, which we call ¢ the elements of feeling.”
The single letters z and » and A and u also p, o, 7 are
elements of feeling. We have no right to assume that
they exist by themselves, but must suppose that they
accompany the elements of motion 7, X, L, M, R, S, 7,
etc. Certain combinations of the elements of feeling
produce actual feelings, just as certain combina-
tions of feelings produce consciousness. If the con-
centration of consciousnessis destroyed or for the time
abolished, feelings may and under special conditions
(as, for instance, in sleep or in hypnotic states) will
continue. If a frog is decapitated the ganglions of
the medulla will for a considerable time continue to
feel. In like manner, if that combination which pro-
duces actual feeling is disturbed or destroyed, feel-
ing will disappear, but the elements of feeling will
continue,
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Unless we consider every act of feeling a special
creation of supernatural powers, a break in the conti-
. nuity of nature, we are inevitably driven to the conclu-
sion that e/l series4d B C, I KL, R S T, etc., etc., are
accompanied by « 8y, t kA, p 0 1, etc, etc. Allele
ments of objective reality are inseparably united with
the corresponding elements of subjective reality, and
the latter are those facts which under special condi-
tions and in special combinations unite into feelings.

From the monistic standpoint we must look upon
nature as being endowed with the potentialities of
feelings. Every natural process we suppose to be
animated with the elementary germs of psychic life,
with that something of which our very simplest feel-
ings are exceedingly complex combinations.

Nature cannot be considered as a dead machinery ;
it is alive throughout and every process of objective
activity must be supposed to be animated by the ele-
ments of that subjective phase of life which in the
human brain appears as consciousness.

Feeling, accordingly, is a special form of the ele-
ments of feeling, and the problem of the origin of feel-
ing from this standpoint is to be stated as follows :

What is the molecular combination, and what is
its mode of action that is accompanied by feeling ?

This question has not as yet been answered, and
physiology is very far still from solving the problem
satisfactorily in all its details. The most important
features only of the process are known, at least in
coarse outlines. :

* * *

The process taking place in the nervous system
may briefly be described thus: An impression of the
surrounding world affects the skin or one of the sense-
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organs of an animal organism, and produces a shock
upon the sensory nerve-fibres. This shock is trans-
mitted to the ganglion where it causes an action in
the gray nerve-cells; this action of the ganglion is
further transmitted to the motor nerve and when it
reaches the end of the motor nerve a discharge takes
place which causes the muscle to contract, thus pro-
ducing muscular motion. Along the.whole line from
the impression received to the muscular contractions
there is an uninterrupted chain of motions.

Physiological psychology, inaugurated by Fechner
and elaborated by many great scientists of all nation-
alities, is busy at work to measure the subtilest move-
ments of nerve-activity. Says George J. Romanes in
his Lecture, ‘“Mind and Body” :

¢« If, by means of a suitable apparatus, a muscle is made to
record its own contraction, we find that during all the time it is in
contraction, it is undergoing a vibratory movement at the rate of
about nine pulsations per second. What is the meaning of this
movement ? The meaning is that the act of will in the brain, which
serves as a stimulus to the contraction of the muscle and is accom-
panied by a vibratory movement in the muscle, is accompanied by
a vibratory movement in the gray matter of the brain; that this
movement is going on at the rate of nine pulsations per second ;
and that the muscle is giving a separate and distinct contraction in
response to every one of these nervous pulsations. . ..

A sensory nerve which at the surface of its expansion is able
to respond differently to differences of musical pitch, of tempera-
ture and even of color, is probably able to vibrate very much
more rapidly even than this [viz., one thousand beats per second].
We are not, indeed, entitled to conclude that the nerves of special
sense vibrate in actual unison, or synchronize, with these external
sources of stimulation ; but we are, I think, bound to conclude that
they must vibrate in some numerical proportion to them (else we
should not perceive objective differences in sound, temperature, or
color) . . . . there is a constant ratio between the amount of agita-
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tion produced in a sensory nerve and the intensity of the corre-
sponding sensation . . .."

So far as we can observe a process of nerve-activity,
there is no change of motion into feeling and of feeling
back into motion. There is no such break in the chain
of mechanical causes and effects. Yetin a certain part
of the chain of mechanical causation, the motions are
accompanied by feelings; and we have sufficient rea-
sons to believe that the place where motions are ac-
companied by feelings is the ganglion.

We return once more to Prof. Clifford. We fol-
lowed his arguments and adopted his conclusions ex-
cept the very last inference he makes. Prof. Clifford
concludes his essay with the following consideration.
He says: .

‘That element of which, as we have seen, even the simplest
feeling is a complex, I shall call mind stuf.”

Clifford solves the question in the following manner :

‘* As the physical configuration of my cerebral image of the
object

*+ Is o the physical configuration of the object,

** So is my perception of the object (the object regarded as
complex of my feelings)

' 7o the thing in itself."”

Clifford sums up his doctrine :

*“ The universe, then, consists entirely of mind-stuff. . .

‘* Matter is a mental picture in which mind-stuff is the thing
represented.

‘* Reason, intelligence, and volition, are properties of a com-
plex which is made up of elements themselves not rational, not
intelligent, not conscious."

Clifford in speaking of similar views propounded
by Kant, Wundt, and Tyndall, says in an adjoined
note:

**The question is one in which it is peculiarly dificult to
make out precisely what another man means, and even what one
means oneself.”
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The conclusion of Clifford’s arguments that the
universe consists entirely of mind-stuff, I must con-
fess, appears to me very abrupt and I cannot admit it.
Although in accord with all the rest, I cannot follow
Clifford to the end. It may be that I fail ‘‘to make
out precisely ” what he means, but if allowed to make
a conclusion of my own in close connection with his
reasoning as above described, I would say :

The thing in itself is the inner, i. e., subjective
reality, which appears (so as to become perceptible)
as motions or outer, i. e. objective, reality. *

The following may be added by way of explanation :
The world is as it is, one indivisible whole. All its ob-
jective reality is throughout combined with subjective
reality. The objective reality we call matter, and its ac-
tivity motions. The subjective reality we call elements
of feeling ; and the compounds resulting therefrom are
actual feelings and consciousness. It is this subjec-
tive reality alone which Clifford defined as ‘¢mind-
stuff,’”” and when speaking of the universe as it really
exists, he improperly limits its reality to mind-stuff,
as if the objective reality, which is represented in our
brains by what we call motions, were a mere illusion.
It is true, as Clifford says, that ¢‘matter is a mental
picture” ; but it is not true that it represents ‘‘mind-
stuff.” Matter is no mere mental picture ; it repre-
sents a certain feature of reality, viz., all that can af-
fect sensibility. The term ‘matter’ is the most gen-
eral abstract of its kind and cannot be expressed in
terms of ‘“mind-stuff,” for it represents a certain set
of experiences which Clifford has purposely excluded
from his conception ‘¢mind-stuff.”

. *Clifford uses * thing in itself’’ in a peculiar yet quite legitimate sense,
and here we follow Clifford.
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Man’s method of understanding the processes of
nature is that of abstraction. We confine our atten-
tion to that feature alone which is to be investigated
and we eliminate in our thought the others. Thus, when
enquiring into the laws of mathematics, we confine our
attention to the mere formi of space, and deal with
non-material points, lines, planes, and solids. These
non-material points, lines, planes, and solids are not
untrue (as Mill imagined), but they represent one ab-
stract feature only which can never be found by itself.
The same is true of all our concepts. Every concept
is formed for some purpose, and every concept by
serving one purpose necessarily becomes one-sided.
It leaves out of sight those features of ths object
represented which do not range within the scope of
its purpose. We may invent names intended to cover
the whole reality, subjective as well as objective, but
these names will become inappropriate as soon as em-
ployed for some other purpose.

If I consider an object, I may inquire into the ma-
terial of which it consists, or into the body’s form, or
its motions. For instance, a chemist making a spec-
trum analysis of thesun, leaves out of sight the size of
the sun, its shape and motion. He confines his at-
tention to the rays, the undulations of which appear
in the spectrum as colors and lines. The Frauenhofer
lines indicate the material of the incandescent body
which emits the rays. An astronomer, however, in-
vestigating.its shape,—say, he wants to know whether
it is a perfect sphere or flattened at the poles—
does not care about the substances of which the sun
consists. And supposing he investigates the sun’s
motion in its relation to the milky way, he disregards
entirely substance and form, he treats the sun as if it
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were a mathematical point. All these treatments have
in common the method of abstraction. The astron-
omer in his calculation of the moticn of the sun must
not, and certainly he does not, think that the sun is a
mathematical point, although this conception fits into
his calculation and remains correct so far as the pur-
pose of his abstraction is concerned. Accordingly,
for every abstraction we have made, we must bear in
mind two things: 1) the purpose it has to serve; and
2) that the totality of things from which abstractions
can be made, is one indivisible whole. In short we
must not forget that abstractions are only one-sided
views of things.

Not only abstractions but every single word is made
for a certain purpose. In reality objects have no
separate existence ; they exist in a constant flux, and
the full and exhaustive comprehension of one object
would include a comprehension of the whole universe.
If this be true at all, it is most true of ourselves. The
human soul is nothing more nor less than a certain ac-
tion of the universe upon one part of the universe and
the reaction following thereupon.*

There are philosophers who are greatly disappointed
about what they consider a deficiency of our intellect ;
viz., that we cannot view the whole at once in all its de-
tails. The relativity of knowledge has unnecessarily
been lamented. There is as little occasion for disap-
pointment in this feature of cognition as in the fact
that our vision must always depend upon the stand-

* See ‘‘ Fundamental Problems," p. 147: * Knowledge becomes possible
only when we fix certain percepts and give their relative stability. .. ... It is
as if we sat in an express train and were looking at the landscape flitting by
us, The picture taken as a whole swims indistinctly before our eyes. If we
wish to get a clear idea of the situation, we must allow the eye to rest on some
one object, neglecting the others,’ etc.; and p. 149 : ‘' In reality the whole
world is a part of our being,” etc.

L
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point from which we view things, and that if we look at
a thing from one side, we cannot at the same time look
at it from the other. Why, let us be patient and look
at things first from this and then from the other side.
But we must not imagine that the one side only is
true reality, the noumenal part of nature, the Ding an.
sick, and the other is a mere illusion. Nor must we
declare that both are illusions, and that true reality is
something unknowable between both. Reality is every-
thing that is or can become object of experience ; both
abstracts accordingly represent something that is real.
Reality is not in the one, if considered alone and by
itself, nor in the other if considered alone and by it-
self, but in the entire whole. The one as well as the
other is a part of reality. *

We can under no circumstances suppress or elimi-
nate either mind (elements of feeling) or matter. Nor
can we express the one in the terms’ of the other,
for the simple reason, that each concept is an entirely
different abstract containing nothing of the other.
Nevertheless both are parts of, and are abstracted
from, reality. What we call motion represents cer-
tain features of our experience. Whatever motions
may be in the conception of beings organized other-
wise than we are, our motion experiences remain
marks representative of real processes of some kind;
and feelings are certainly no less actual than motions.

We may represent motion or we may represent
mind as the basis of the world or we may conceive
them as being on equal terms.

(1) Onthe one hand, motion may be conceived as
the objective realization (a kind of revelation) in
which the activity of the elements of feeling appears.

(2) On the other hand, motion may be conceived
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as the substratum which carries the more ethereal ele-
ments of feeling.

(3) If neither matter nor motion is to be consid-
ered the one as the basis of the other, reality, as it
exists in itself, may be conceived as a great interacting
something, in which the effects of all the surrounding
parts upon one special part, an atom or a monad, in
so far as this part is concerned, appear as what
we have defined as an element of feeling; while the
effects of this special part, of every atom or monad
upon the rest, in so far as the totality is concerned,
appear as motion. '

It is indifferent which view we take. All three
conceptions are fundamentally the same, although if
worked out they would show a difference in terminology
that must let them appear as contradictory systems.
Upon the whole I should give preference to the third
conception as being least one-sided and most une-
quivocal in representing the Oneness of all reality.

Matter and mind (the elements of feeling) are to
be considered as one—not the same, but one. They
are as inseparable as are the two sides of a sheet of
paper. If we look at it from the mind side, its activity
represents itself as elements of feeling and all kinds
and degrees of actual feelings. If we look at it from
the matter side, its activity represents itself as mo-
tions, or as all kinds of potential and kinetic energy.

* * *

There is one point which needs further elucidation
at least in a few words. Clifford says:

**Reason, intelligence, and volition are properties of a complex

which is made up of elements themselves not rational, not intel-
ligent, not conscious.”

This is true ; for we arrive at the conclusion that

.

- '-.
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the not-feeling elements of feeling develop into feeling
and the not-rational monad develops into rational man.
Yet we must at the same time emphasize that the for-
mal laws according to which these not-feeling, not-
rational elements combine into higher structures en-
dowed with feeling and reason, are also a part of real-
ity. The formal laws which are the raison d’étre of
all cosmic order, are omnipresent in every particle
that exists ; and we can learn to understand that noth-
ing will stir, or change, or be, unless it be in conform-
ity to the law of causation which is the law of change,
and to the laws of form in general. *

The world it is true is not rational in its elements ;
but the laws of the world are the prototype of ration-
ality itself. Human reason and all wisdom of any
possible rational being develops from these conditions
and remains in accordance with the formal laws of
the cosmos. Human reason is conformity to, it isan
expression of the order of, the All. The order of the
All contains the possibility of developing reason. We
have perhaps a right to call the elements of reality
not-rational, but we commit a grave mistake when
calling the All 777ational. TFor the elements of being
contain the origin and condition of all reason. Rea-
son ceases to be reason as soon as it does not agree
with reality.

* See the chapter ‘ Form and Formal Thought ' in Fundamental Prob.
lems, p. 26,



‘IS THE SOUL A MECHANISM?

THE question has often been proposed, Is Man a
Machine, and more especially is the Human Soul a
Mechanism? If we understand by soul not the feel-
ing that accompanies certain physiological processes
of the brain, but the physiological activity of the brain
itself, there can be no doubt that every thought repre-
sented by the motion of this ar that cerebral structure,
every wish that irritates these or those ganglionic mo-
tor cells, whether the wish be suppressed or not, every
act of will which not being suppressed by stronger in-
hibitory impulses passes into motion—in short all the
innumerable motions of brain-activity take place
strictly in agreement with mechanical principles. Cer-
tain motions are accompanied with feelings, while
others are not accompanied with feelings (only with
elements of feelings). Feeling, however, is not the
product of a force ; it is not manufactured out of energy;
its appearance does not depend upon the disappear-
ance of a portion of motion ; it does not rise in ex-
change for motion.

Leibnitz says:

‘“ We are constrained to confess that perception and whatever
depends upon it, are inexplainable upon mechanical principles;
that is by reference to forms and movements. If we could imagine

a machine the operations of which would manufacture thoughts,
feelings, and perceptions, and could think of it as enlarged in all
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its proportions, so that we could go into it as into a mill, even then
we would find in it nothing but particles jostling each other, and
never anything by which perception could be explained.”

Locke expresses a similar idea :

‘*Body, as far as we can conceive, being able only to strike
and affect body ; and motion, according to the utmost reach of our
ideas, being able to produce nothing but motion, so that when we
allow it to produce pleasure or pain, or the idea of color or sound,
we are fain to quit our reason, go beyond our ideas, and attribute
it wholly to the good pleasure of our maker.”

Accordingly, if by soul we understand feelings,
perceptions, and states of consciousness, we cannot
say that man’s soul is a mechanism. But feelings,
perceptions, and states of consciousness do not exist
of themselves. They represent one certain side of a
process only, the other side being a certain physiolog-
ical activity ; and although there is no sense in speak-
ing of the mechanism of a feeling, there is sense in
speaking of the mechanism of the physiological process
which subjectively considered appears as a feeling.

x
* *

The soul has often been compared to a piano, but
the simile is inappropriate because it does not explain
the most important thing, viz., the mechanism of its
functions. Mr. Spencer, accordingly, welcomes the
comparison of the soul to a piano as an evidence of
the inscrutability of psychical processes. He says:

‘*1deas are like the successive chords and cadences brought
out from a piano, which successively die away as other ones are
sounded. And it would be as proper to say that these passing
chords and ca.dexlces thereafter exist in the piano, as it is proper
to say that passing ideas thereafter exist in the brain. In the one
case as in the other, the actual existence is the structure which
under like conditions again evolves like combinations. . . . . The
existence in the subject of any other ideas than those which are
passing, is pure hypothesis absolutely without evidence whatever.”
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Dr. Henry Maudsley who quotes this passage in
his ¢¢ Physiology of Mind,” p. 70, adds:

** This analogy, when we look into it, seems more captivating,
than it is complete. What about the performer in the case of the
piano and in case of the brain respectively ? Is not the performer
a not unimportant element, and necessary to the completeness of
the analogy ? The passing chords and cadences would have small
chance of being brought out by the piano if they were not pre-
viously in his mind. Where, then, in the brain is the equivalent
of the harmonic conceptions in the performer's mind? If Mr.
Spencer supposes that the individual's mind, his spiritual entity,
is detached from the brain, and plays upon its nervous plexuses,
as the performer plays upon the piano, his analogy is complete ;
but if not, then he has furnished an analogy which those who do
take that view may well thank him for. There is this difference
between the passing chords and cadences of the piano and the
passing chords and cadences in the brain—and it is of the essence
of the maiter—that, in the former case, the chords and cadences
do pass and leave no trace of themselves behind in the structure of
the piano ; while, in the latter case, they do not pass or die away
without leaving most important after-effects in the structure of the
brain ; whence does arise in due time a considerable difference
between a cultivated piano and a cultivated human brain, and
whence probably have arisen, in the progress of development
through the ages, the differences between the brain of a primeval
savage and the brain of Mr. Spencer . . . . With the brain, func-
tion makes faculty ; not so with the piano.”

If you put to me, the question for instance: How
much is five times five? I shall answer Twenty-five.
The physiological process which represents in my
brain the act of perceiving the question and answering
it, is perfectly mechanical. There is a memory struc-
ture which when innervated says, ¢ Five times five is
twenty-five.” If any one asks, ¢ How much is five
times five ? ” it is this question which as soon as it is
perceived, innervates the memory structure ¢five
times five is twenty-five” ; and possibly it awakens
many other memories associated therewith. I may
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think of the teacher who first taught me arithmetic ;
or the picture of my multiplication table may appear
before my eyes. The answer ‘‘five times five is twenty-
five” is under ordinary circumstances accompanied
with feeling or consciousness.

Not every instance is so simple. There are of
course mental processes that are much more compli-
cated, but there is not one in which the motions that
take place in the brain can be thought of as being not
strictly in accordance with mechanical laws either mole-
cular or molar. The poet’s fictions, no less than the
schemes of the inventor, are strictly regulated by the

mechanics and statics of mind-activity.
*

* *

There is a peculiar feature in soul-life which con-
sists in the limitation of consciousness. Similarly as
in vision only one object at a time can be in the cen-
tral field of vision, viz., in the yellow spot where vision
is most intense, so in consciousness one idea only,
one combination of ideas, one perception, or a thought
concerning a perception, one aim, or one activity can
at one time fill this centre of mental life. When
several ideas are awakened, that which at the time is
strongest will attain a state of consciousness. As soon
as it has been attended to, it naturally loses its in-
terest, and another idea, that in the mean time has
become the strongest will follow. A combination of
both may take place and thus new thoughts, discover-
ies, inventions, ideals, may grow from such beginnings.

Dr. Montgomery in a criticism of the work done
by The Open Court,* introduces the term ¢ hyperme-
chanical” in order to explain the selective faculty
represented by the piano player. The term is not ad-

* See Nos. 156 and 157 of Tke Open Court,
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missible because that ¢‘selective faculty ”’ so-called is
perfectly mechanical. The chief progress modern psy-
chology has made, is, that it is-no more in need of what
Dr. Montgomery calls ¢ the selective faculty of hyper-
mechanical impulses.”

The view that motions produce nothing but motion
while feelings sometimes accompany certain motions,
should not be conceived in any dual sense. Feelings
and motions run parallel to each other, and where we
do not meet with actual feelings we suppose the pres-
ence of the elements of feeling. But this parallelism
would be most wonderful indeed if it were a true paral-
lelism consisting of two different and distinct lines.
The simplest conception of the case is the monistic
view, which considers the parallelism as an identity.
Both motion and feeling are abstract conceptions. A
motion exists of itself no more than a feeling. The
reality from which the ideas motion and feeling have
been abstracted is one inseparable whole, which if
viewed as an objective process appears as motion, and
if viewed from the subjective side appears as feeling.
Feelings can only be felt, not seen ; but if we coxld
see them, we might observe the elements of feeling
wherever motion takes place.

Fechner seems to have hit the mark, when he com-
pared feeling and motion to the inside and the outside
curves of a circle ; they are entirely different and yet
the same. The inside curve is concave, the outside
curve is convex. If we construct rules relating first
to the concave inside and then to the convex outside,
we shall notice a parallelism in the formulas; yet this
parallelism will appear only in the abstractions which
have been made of one and the same thing from a dif-
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ferent aspect. It results from making two different
abstractions. The abstract conceptions form two par-
allel systems, but the real thing can be represented as
parallel only in the sense that it is parallel to itself ;
it is the parallelism of identity. There is but one line,
and this one line is concave if viewed from the inside,
if viewed from the outside convex.

The elements of feeling do not by simple addition
make up actual feelings, but by appearing in certain
relations. But the intensities as well as the qualities
of feelings depend upon special conditions, and the
proportions between perceptions and their respective
irritations have within certain limits been measured
with great exactness.

Weber found that in most cases the quantity of
sensation is proportional to the logarithm of the quan-
tity of irritation. Thus an irritation expressed by 10
corresponds to a sensation expressed by 1. The ir-
ritation 100 would not give 10 x 1, but only 2 ; viz., the
logarithm of 100. The increase in the quantity of sen-
sation can be represented by a curve, the abscissas of
which are the gradually increasing irritations, while
the values of the sensations are found in the ordinates.
The perceptible increment of sensation depends also
upon the relative quantity of the increase of the irrita-
tion ; and the measurement of this ¢“perceptible incre-
ment,” asWeber calls it, has been a most fruitful method
for the formulation of the laws of psycho-physics.

The value of sensations under certain conditions
reaches zero. If the value of the irritation becomes
equal to 1, the sensation reaches what Weber calls the
threshold of perception. On and below the thresh-
old of perception,. sensation ceases, i. e., it is no more
noticeable, its value is zero.
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Psychophysics was founded by Weber, to whom
the idea had been suggested by Herbart’s proposition
to treat psychological phenomena according to mathe-
matical methods, so that we should acquire the data
for comprehending the statics and mechanics of men-
tal operations. Weber’s method has been perfected
by Fechner, Volkmann, Appel, and many other inves-
tigators. While Weber’s law that the perceptible in-
crement of sensation is proportional to the quantity of
irritation had to be restricted to certain limits, from
which the greatest and the smallest intensities are ex-
cluded, and while many conclusions derived from psy-
chophysical experiments may have been erroneous, or
at least mixed up with errors; the whole science of
psychophysics was fully justified in many respects.
The very exceptions that offered themselves were in
the end found to be the strongest corroborations of
the soundness of Weber’s law as well as his methods. *

* See Vortrdge Wber Psychaphysik vom Dy, E. Mack. Oesterreickische Zeit-
schrift far praktische Heilkunde. 1863.
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THE ORIGIN OF MIND.

I. WHAT IS MIND?

WE must distinguish between two kinds of facts;
viz., given facts or data, and deduced facts or infer-
ences. With regard to the facts of soul-life we recog-
nise that the former class, that of given facts, neces-
sarily consists of states of consciousness only ; they
are feelings of any description, varying greatly in their
nature. They are different in the rhythmical forms of
their vibrations, in their intensity, and in their distinct-
ness. The latter class, that of inferences, is deduced
from the former, and serves no other purpose than
that of explanation. This class is mostly representa-
tive of external facts, and knowledge of external facts
exists only in so far as external facts are represented
in deduced facts. What a thinking being would call
external facts is nothing but the contents of certain
deduced facts.

Deduced facts, and among them the conception of
external facts (wherever they exist), have been pro-
duced by the effort of accounting for given facts—viz.,
the elementary dafa of consciousness and their rela-
tions. Deduced facts are the interpretation of given
facts. They are, so to say, conjectures concerning
their causes as well as their interconnections.

The organised totality of deduced facts, as it is
developed in feeling substance, is called mind. Feel-
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ings are the condition of mind. From feelings alone
mind can grow. But there is a difference between feel-
ings and mind. Feelings develop into mind, they grow
to be mind by being interpreted, by becoming repre-
sentative. Representative feelings are mind. Ac-
cordingly, we characterise mind as the representative-
ness of feelings.

Although deduced facts are an interpretation of
given facts, this ¢¢interpretation ” is not expressly
designed. These inferences from given facts are not
invented with a premeditated purpose; they are not
constructed with foresight or intention. Deduced facts
grow naturally and spontaneously from given facts,
which are the elements of sense-activity. There is
not an agent that oversees their fabrication ; there is
not a devising ‘‘subject ” that surmises the existence
of external facts and thus matures their conception
into deduced facts. Deduced facts are rather the nat-
ural product of a certain group of given facts. De-
duced facts issue from a co-operation of a number of
feelings. They are the result of an organisation of
certain repeated sense-impressions which produce a
disposition not only to receive sense-impressions of
the same kind, but also to react upon them in a certain
way. Mind is not the factor that organised the given
facts of mere sense-impressions so that they became
representations. . There was no niind as long as feel-
ings remained unorganised. Feelings acquire mean-
ing ; and as soon as they have acquired meaning they
are what we call ‘“deduced facts,” representations—
especially representations of external facts. Deduced
facts are the elements of mind ; and mind is not their
root, but their fruit.
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II. SUBJECTIVE AND OBJECTIVE EXISTENCE.

The whole domain of mind-activity (i. e., of the rep-
resentativeness of feelings) is called subjective ; while
the totality of all facts that are represented in the
mind is called objective. Subjective existence consists
of feelings and of states of consciousness ; objective
existence is represented as things that are in motion.
Motion and feeling are quite different things, yet in
spite of their radical difference experience teaches us
that both spheres are intimately interwoven. Subjec-
tive existence constantly draws upon objective exist-
ence. Not only do states of consciousness exist as
they are by virtue merely of the objects represented,
but also that group of facts called our body, the ac-
tion of which appears in a constant connection with
and as a condition of our consciousness, is kept in
running order only through a constant renewal of its
waste products out of the resources of objective ex-
istence.

We distinguish between our body and external
facts; but the boundary between both provinces is
not distinct. There is constantly an exchange of sub-
stance taking place, proving that our body is in kind
not different.-from the substance of which external facts
consist. It must be regarded as a group of the same
kind as external facts, existing in a constant interac-
tion with and among the external facts. In other
words, the body of the thinking subject is an object
in the objective world.

Concerning the subjective sphere of existence we
recognise that consciousness does not act uninterrupt-
edly; there are moments when consciousness is lost. If
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they are normal, we call them sleep ; if they are abnor-
mal, swoons or trances. Former conscious states can
be revived ; they form a chain of memories which is |
very limited in comparison with the extension of the
objective world. There is a time in the past beyond
which our memory does not reach. Moreover we
have reason to believe, that there will be a time when
the chain of conscious states will be broken forever.
This consummation is called death. In short the sub-
jective world is transient; it grows by degrees; its
existence is very precarious; it flickers like a candle
in the wind and will disappear again. The objective
world however is eternal, it is indestructible. Ex-
perience teaches that it constantly undergoes changes,
but that in its totality it is imperishable.

The objective world is in a certain sense a part of
the subject. In another sense, we must say that the
subject is a part of the objective world. Indeed these
two sentences represent the same truth, only viewed
from two standpoints. The subjective world being
transient and the objective world being eternal, the
question presents itself, ¢ How does the subject orig-
inate in or among the objects of the objective world ? ”

The problem is complicated and we must approach
it step by step. First, we are inevitably driven to
the conclusion, that the subjective world of feelings
forms an inseparable whole together with a special
combination of certain facts of the objective world,
namely our body. It originates with this combination,
and disappears as soon as that combination breaks to
pieces. And, secondly, we must assume that the con-
ditions for building up such material dispositions as
have the power of developing the subjectivity of con-
sciousness are an intrinsic quality of the objective

.
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world. Subjectivity cannot originate out of nothing;
it must be conceived as the product of a co-operation
of certain elements which are present in the objective
world. In other words, the elements of the subjective
world are features that we must suppose to be insepar-
ably united with the elements of the objective world,
which are represented in our mind as motions. This
leads to the conclusion that feeling has to be considered
not as a simple but as a complex phenomenon. Feel-
ings as explained in the first chapter, originate through
a combination of elements of feeling ; and the presence
of the elements of feeling must be supposed to be an
intrinsic property of the objective world. The ob-
jective elements, the action of which is accompanied
with the elements of feeling, arrange themselves, we
suppose, into such combinations as display actual feel-
ings, in exact agreement with the laws of molar and
molecular mechanics. This, we must assume, takes
place with the same spontaneity as, for instance, an
acid and a base combine into a salt. To use another
example, it takes place with the same necessity as,
under special conditions, a certain amount of molar
motion is transformed into the molecular motion of
ether-waves, called electricity. Motions are not trans-
formed into feelings, but certain motions (all being
separately accompanied with elements of feeling),
when co-operating in a special form, are accompanied
in that form with actual feelings.

III. HOW FEELINGS ACQUIRE MEANING.

There is a certain class of philosophers who look
upon feeling as an incidental effect, as a fortuitous by-
play of the interacting elements of matter. This con-
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ception has little if anything in its favor. On the con-
trary, if the elements of feeling are throughout in-
separably connected with the elements of objective ex-
istence, it must appear natural that wherever the con-
ditions fitted for organised life appear, irritable sub-
stance will originate. We may fairly assume that feel-
ing will arise on the cooled surface of a planet with
the same necessity as, for instance, a collision between
non-luminous celestial bodies will cause them to blaze
forth in the brilliant light of a nebula containing all
the elements for the production in the course of ages
of a planetary system.

Wherever a combination of substances originates
that displays the quality of feeling, it will form a basis
for given facts of soul-life. Feeling substance having
been exposed to a special stimulus, or having per-
formed a certain function, has thereby undergone a
rearrangement in its molecular parts. The structure
has suffered a change in its configuration, the form
of which is preserved in the general flux of matter,
and there is thus produced in the feeling substance
a disposition to respond more quickly to impressions
of the same kind. The feeling accompanying a subse-
quent impression of the same nature is coincidently felt
to be a revival of a former feeling, similar or the same
in kind. In other words, feeling substance, preserving
the forms of its functions, is possessed with memory.*
The preservation of form in a function which is ac-
companied with feeling makes it possible that the feel-
ing accompanying a special form of function will be-
come a mark of signification. By being felt to be the

* Memory is no mysterious power ; it is the preservation of form in feeling
organisms, See Ewald Hering's treatise on Memory, English translation in
Nos. 6 and 7 of The Open Courf. Compare also the author’s article Sowl-/ife
and the Preservation of Form, in this book,
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same in kind as a former feeling it will come to denote
a certain condition of feeling tissues. A feeling thatis
felt to be the same as or similar in kind to a former
feeling, the revival or memory of which it causes, is
in this way endowed with meaning ; by which we un-
derstand the awareness of the congruence or similarity
of two or several feelings. Thus in the lapse of time,
by constantly renewed experience, one special feeling,
whenever repeated, will naturally become the indica-
tor showing the presence of certain external facts that
cause it. An isolated feeling is naturally meaningless;
yet through a preservation of form, viz., through
memory, it is' by repetition necessarily changed into a
symbol of representative value.

Feelings, accordingly, in the course of time, neces-
sarily acquire meaning; they naturally and spontane-
ously develop mind. They can as little avoid co-
ordinating into a mental organism, as water at a low
temperature can escape congealing into ice; or as a
seed can keep from sprouting when it is exposed, with
sufficient moisture, to the light. Mind, accordingly,
is the necessary outcome of a combination of feelings.
It is as necessary an effect of special causes, as, for
example, a triangle is the product of a combination
of three lines. The first step in the organisation of
feeling, which will throughout remain the determining
feature of its development, is the fact that with the
help of memory the different sets of feeling acquire
meaning, and in this way the mere feelings are trans-
formed from given facts into deduced facts.

IV. SUBJECTIVITY AND OBJECTIVITY.

The nature of given facts is subjectivity, while the
character of inferred facts is objectivity. The latter
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having grown out of the former will nevertheless, so
far as they are states of consciousness, always remain
subjective ; yet they contain representations of that
which is delineated by certain given facts. Thus they
contain an element which stamps upon them the nature
of objectivity. They represent objects, the existence
of which the feeling subject cannot help assuming,
because this is the simplest way of indicating certain
changes that are not caused within the realm of its
own subjectivity.

Objectivity, accordingly, does not mean absolute
objectivity. Objectivity means subjective states, i. e,
given facts or feelings representative of outside facts,
1. e., of facts that are not subjective, but objective.

V. THE PROJECTION OF OBJECTIVE FACTS.

The sense-impression of a white rectangle covered
with little black characters is a given fact; yet the
aspect of a sheet of paper is an inferred fact. The
former is a subjective state within; the latter is the
representation of an objective thing without. The
process of representing is a function of the subject, but
the fact represented is projected as it were into the
objective world, where experience has taught us to ex-
pect it. And the practice of projection grows so natur-
ally by inherited adaptation and repeated experience
that the thing represented appears to us to be external.
We no longer feel a sensation as a state of conscious-
ness but conceive it as an independent reality.

The practice of projecting subjective sensations into
the outside world is not an act of careless inference,
but the inevitable result of a natural law. This natural
law is that of the ¢‘economy of labor.” When a blind
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man has undergone a successful operation, he will first
have the consciousness of vague color-sensations taking
place in his eye. Experience will teach him the
meaning of these color-sensations and his motions will
inform him where to find the corresponding outside
facts. His consciousness will more and more be con-
centrated upon the meaning of the sensations. The
less difficulty he has in arriving at their proper inter-
pretation, the more unconscious his sense-activity will
become and at length consciousness will be habitually
attached to the result of the sensation alone, i. e., to
its interpretation.

In the same way, every one who learns to play an
instrument will first feel that part only which his hand
touches. By and by, however, he will acquire a con-
sciousness of the effects produced by the slightest
touch. Constant practice forms in the brain of an ex-
pert certain living structures which are correspondent
to the action of the instrument and represent it with
great accuracy. Whenever these structures are stimu-
lated, the action of the instrument is felt to take place.
In this way consciousness is projected into the work
performed by the instrument. The touch of the hand
has become purely automatic, and the operator now
feels the full effects of his manipulation although he
is not in direct contact with all the parts of his instru-
ment. The instrument becomes as if alive under his
treatment, he feels it as a part of himself ; for its action
stands ez rapport with his brain-activity.

VI. THE SUBJECT-SUPERSTITION AND AGNOSTICISM.

States of consciousness, collectively considered,
have been termed ¢¢subject,” and we have also em-
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ployed the phrase-¢‘subjective world.” But we must
not forget the fact, that the adoption of the name
¢“subject ” is based upon a misconception. Subject
means ¢‘‘that which underlies,” and the subject was
supposed to be that something which formed the basis
of all the states of consciousness present in any one spe-
cial case—in you or in me, or in any person like you
and me. The subject was considered as a being that
was in possession of sense-impressions, of feelings, of
thoughts, of intentions, etc.; and the existence of this
subject was proved by Descartes’s famous syllogism
Cogito ergo sum. The subject was supposed to produce
the states of consciousness, while in fact (as we have
explained above) it is exactly the opposite. Feelings
change into mind, they produce the subject which
thinks. The subject is nothing underlying but rather
overlying. Tt is the growth out of and upon feelings.
It is the sum of many feelings in a state of organisation.

The fallacy of Descartes’s dictum has been pointed
out by Kant. The existence of states of consciousness,
or thefact cogito, does not prove the existence of some-
thing that underlies the states of consciousness. It
simply proves the existence of feelings and thoughts.
There are certain sense-impressions, there are percep-
tions, there are ideas. Ideas develop from percep-
tions, and perceptions develop from sense-impressions.
States of consciousness are nothing but the awareness
or the feeling that is connected with certain percep-
tions and ideas.

Descartes’s subjectivism is a transitory phase lead-
ing from the authoritative objectivism of the middle
ages to the critical objectivism of modern times. The
authoritative philosophy of the Schoolmen yielded to
the arbitrary philosophy of metaphysical subjectivity,
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commencing as a matter of pririciple with doubt, in-
stead of commencing with positive data, and establish-
ing anarchy through lack of any objective method of
arriving at truth. The reaction against the arbitrary
authority of scholasticism was indispensable to fur-
ther progress. But we must not rest satisfied with its
negative result. We cannot commence a business
without capital and without making a start. So we
cannot begin philosophy with nothing. Knowledge is
not possible without positive facts to serve as a basis
to stand upon.

The negative features of Descartes’s philosophy
naturally found their ultimate completion in agnosti-
cism. The assumption of the existence of a subject
led to the doctrine, that this subject is unknowable.
Moreover, the assumption of something that underlies
the acts of thought leads to the assumption of some-
thing that underlies objective existence, and thus it be-
gets the theory of things in themselves. This theory
involves us in innumerable contradictions and thus it
ends ultimately in the proposition that things in them-
selves are unknowable.

There are few who know the historical meaning of
agnosticism ; but those who can survey philosophical
thought in its evolution, its growth, and decay, know
that agnosticism means failure in philosophy. The
word is a foreign-sounding name for ¢‘knownothing-
ism,” denoting a half-concealed confession of bank-
ruptcy. The philosophy of the future, in order to es-
cape from the fatal consequences of agnosticism, has
to discard the subject-superstition inherited from Des-
cartes, Descartes was a great thinker, a star of first
magnitude in therealm of thought, but it is time that,
without returning to the authoritative philosophy of
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the Schoolmen, we should free ourselves from the
errors of his one-sided subjectivism.

Let us not forget, that all subjective states contain
an objective element. Objectivity is no chimera, and
we are very well enabled to establish the truth or un-
truth of objective facts. The philosophy of the future,
accordingly, will be a philosophy of facts, it will be
positivism ; and in so far as a unitary systematisation
of facts is the aim and ideal of all science, it will be
Monism.

From the standpoint of positivism, the subject, in
the old sense, does not exist, and things in themselves
do not exist either. Their existence is an unwar-
ranted assumption, a superstition of philosophy, and
we can retain the word subject only on the condition
of a complete change of its meaning. The word sub-
ject, accordingly, (which has acquired a place in phil-
osophical language and is for several purposes quite
an appropriate expression,) must be corrected so as
to mean, not an underlying substratum, nor an agent
which does the thinking, but simply a collective term
designating a certain group of sense-impressions, per-
ceptions, ideas, and volitions. These sense-impres-
sions, perceptions, ideas, and volitions, which form,
'simultaneously as well as successively, the elements of
soul-life, carrying consciousness upon the waves of
many subconscious states, make up the reality of the
subject ; they are the facts of its existence, and it is
the states of consciousness only, not an underlying
something, the existence of which is beyond all doubt.
They form the basis of all knowledge.
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VII. THE OBJECTIVE ELEMENT IN SUBJECTIVE STATES.

We must bear in mind that states of feeling are
not empty feelings, but always feelings of a certain
kind. There is no consciousness pure and simple, but
only consciousness of a certainstate. Let us suppose,
for instance, the consciousness of a certain pressure.
What is it but a feeling of being pressed in a cer-
tain direction and with a certain intensity? If a cer-
tain pressure is resisted, the feeling indicates a state
of active reaction against pressure, and experience
teaches by comparison with other pressures how much
counterpressure is necessary to resist or overcome it.

Among the states of consciousness there are ac-
cordingly some that represent an awareness of receiving
impressions, and there are others of making impres-
sions. There are some feelings of a passive nature,
which are felt to be produced by impacts from a some-
thing that is not the subject, and there are other feel-
ings of an active nature, which are felt to produce
effects on something that is not the subject. This
something that is not the subject is called ‘¢object.”
It is represented as lying outside the subject, although
the latter stands in a close and inseparable relation to
the object, which, so far as this relation is considered,
forms a part of the subject. A given subjective state
possesses a definite form ; it exists as it is on account
of the object only; for its form has been produced by
its relation to the object, and it represents this relation.
The object, therefore, is no unimportant part of, and
indeed is an essential element in, the constitution of
the subjective state. .

Idealist philosophers are apt to say that the sub-
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ject alone is known to us, while the existence of the
object must forever remain a vague hypothesis. This,
however, is incorrect. It involves an unjustifiable dep-
recation of the objective element in the given facts
of conscious states, and is based on a misconception
of the entire state of things. The data of knowledge
are not mere subjective states, they are relations be-
tween subject and object. Neither the subjectisgiven,
nor the object ; but an interaction between subject and
object. From this interaction we derive by a very
complicated process of abstraction both concepts, the
subject as well as the object. It is true that the sub-
jective world of feelings and of representative feeling
is very different from the objective world of things.
Nevertheless they are one. The subject together with
all objects forms one inseparable whole of subject-
object-ness. :

Every special object, accordingly, must be con-
ceived asa part of this inseparable whole—of the All;
it is a certain set of facts, represented in a certain
group of experiences, and is to be described as that
something which in a special way affects the subject
and can again in a special way be reacted upon by the
subject.

Here we have the clue for the proper meaning
of objectivity. What is a piece of lead but something
that at a definite distance from the centre of the earth
exerts a certain pressure proportionate to its mass;
that is seen to become liquid at a certain tempera-
ture; etc., etc.? If itis treated in a particular way,
it will be observed to suffer certain changes. What
lead is has been established by experience; i. e., by
systematic observation through sense-impressions.

From this standpoint the differences between the
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schools of idealism and realism appear as antiquated.
The questions whether matter is real, whether objects
exist, and whether there is any reality at all, have lost
their meaning. That which produces effects upon the
subject and against which the subject does or can re-
act, is called object. The sense-effects produced by
the object upon the subject, and also the reactions of
the subject upon the object, are realities ; and every
name of a special object signifies a certain group of
such effects and their respective reactions. Thus, for
instance, the word lead comprises a certain set of ex-
periences that have always been found combined with
certain whitish objects.

Some philosophers have denied not only the ex-
istence of objects, but also the reality of space. What
is space but a certain group of experiences? The con-
ception of space originates by moving and by being
moved about. The conception of space is the con-
sciousness that by moving, or by being moved, a change
is effected ; that is, a certain object serving as a point
of reference is either approached or left at a greater
distance. The acts of approach or withdrawal are as
muchrealities asare any other acts of the subject. Dis-
cussions concerning the reality of space accordingly
become mere verbal quibbles as soon as we under-
stand by space the condition common to all motion-
experiences.

VIII. HALLUCINATIONS AND ERRORS.

The mental state in which through contact with
external facts one or several of the senses are affected
so as to produce a direct awareness of their pres-
ence, is called perception. .The effects of external
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facts upon the sense of touch appear as different forms
of resistance. To the other senses they appear as
odors, tastes, sounds, and images. All these sensa-
tions are so many subjective methods of representing
certain objective processes. Perceptions represent im-
mediate reality because the objects perceived, i. e., the
objects represented by an image in the eye, a taste on
the tongue, etc., are in an immediate contact with
our senses. The feeling subject is directly conscious
of their existence by their present effects. They are
our Anschauung, i. e., the living presence of objective
reality.

Besides this living presence of objective reality, of
which our immediate surroundings consist,—besides
our Anschauung—, man is in possession of more gen-
eral representations, which comprise all the memories
of a certain class of percepts. We call them con-
cepts. Man alone through the mechanism of word-
symbols has been able to form concepts. Abstract
reasoning as well as scientific thought will grow with

_the assistance of concepts in the course of a higher
development.

The higher we rise in the evolution of representa-
tive feelings, i. e., in the development of mind, the
more numerous are the opportunities for going astray.
A scientific hypothesis, if erroneous, is more sweeping
in its fallacies than a single hallucination, which is a
misinterpretation merely of certain feelings. The sub-
jective part of an hallucination, namely the feeling
itself, is real ; but the objective part, the representa-
tive element of the feeling, is not real; that which it
is supposed to mean, does not exist. The interpreta-
tion of the feeling is erroneous in an hallucination.

Hallucinations are possible, and in the more ab-
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stract domains of mental activity errors are possible
also; and will be ever more frequent. Nevertheless
the reality of outside facts in the Sense stated above
can as little be doubted as the reality of immediate
perception ; and all the facts established by science, if
they are but true, are as much realities as is the re-
sistance of the table to the pressure of my hand or
the perception of the sheet of paper by my eye.

Facts established by science are those observations
which are made with all the necessary exactness as
well as completeness from certain groups of expe-
riences, and formulated with precision. The theory -
of atoms, for instance, is true in so far as all elements
combine in certain proportions, which shows that the
ultimate particles of which the elements consist are
of a definite mass. Atoms, if the word is understood
in this sense, are realities. The theory of atoms, how-
ever, is not proved in the sense that atoms are ‘aro--
por; or single, isolated, minute bodies of a peculiar
individuality—separate, indivisible, and eternal enti-
ties. Whether they are concrete things or certain
forms of motion in a continuous substance, whether
they are vortices or whirls of a certain density and
velocity in an ether ocean, or whatever else be their
character, is not yet known. If we exclude from the
concept ‘‘atoms” all hypothetical views and confine
their meaning strictly to the formulation of certain ex-
periences, we have to deal with facts that are real.
Theories are true in so far as they comprehend in a
formula a certain group of facts, and a hypothesis be-
comes reliable to the extent that it agrees with facts.
The slightest actual disagreement with facts is suf-
ficient to overthrow the most ingenious hypothesis.
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This leads us to the question, What is meant by
true 7 What is truth?

IX. FACTS AND REALITY. TRUTH AND MIND.

The epitheton ¢“true” has reference to represen-
tative states only. A representation is true, if it con-
forms to, or agrees with, experience ; in other words,
if it is an interpretation of given facts, is free from
contradiction, and nowhere collides with any one of
the given facts and their consistent interpretation.
There is no sense in speaking of mere feelings as
being true. We can never meet, in our own expe-
rience, with given facts that are nothing but meaning-
less feelings ; for we (as thinking beings) are incapable
of bringing meaningless feelings into the scope of con-
sciousness, since in the very act of thinking we com-
ment upon the given facts of our feelings. But suppos-
ing there are mere given facts, mere meaningless
feelings void of any representative element, the appli-
cation of the word true to such non-representative
feelings would be improper. States of consciousness
become true or untrue only by being representative of
objective conditions or things. There is no trace of
truth in mere feelings, but only in representative feel-
ings. Truth and error are the privilege of mind. A
representation is true, if all the various experiences
concerning a certain thing or state of things agree
with the representation; it is untrue if they do not
agree. .

We observe that certain classes of facts, in spite
of all variety, exhibit in one or another respect a
sameness, and science attempts to express the same-
ness in exact formulas. These formulas we call natural
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laws. If a natural law covers all caszs of a class that
have come or even that possibly can come within the
range of our experience, if it agrees with every one of
them, we call it a truth.

¢Truth ” accordingly is not at all identical with
«fact.” These two words are often used as synonyms,
but properly employed they are quite distinct. Truth
is the agreement of a representation with the facts
represented. The fall of a stone is a fact; it is an in-
ferred fact deduced from certain sense-impressions.
In so far as the inference is made with necessity as
the only proper and simplest explanation of a certain
given fact or sense-impression, it must be considered
as a fact or as real. The law of gravitation, however,
is not a fact, but a truth.

Facts are real. There is no sense in speaking of
facts as being true. Representations of facts are true
or untrue. Reality is the characteristic feature of all
facts, but truth is a quality that can reside in mind
alone.

Facts are always single, concrete, and individual.
Every fact is a Aéc and nunc. It is in a special place,
and it is as it is, at a certain time. It is definite and
of a particular kind. Yet a truth, although represen-
ting certain objects or their relations, is never a con-
crete object, nor is it a 4sc and a nunc. It possesses
a generality applicable to all instances wherever and
whenever the objects in their particular relation ap-
pear represented in that truth. Truth accordingly
possesses as it were an ubiquity; it is omnipresent
and eternal. .

Truth in one sense is objective ; it represents ob-
jects or their relations conceived in their objectivity,
in their independence of the subject. This means
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that the representation of certain objective states will
‘under like conditions agree with the experiences of all
subjects—i. e., of all feeling beings having the same
channels of information.

Truth in another sense is subjective. Truth exists
in thinking subjects only. Truth affirms that certain
subjective representations of the objective world can
be relied upon, that they are deduced from facts and
agree with facts. Based upon past experience, they
can be used as guides for future experience. If there
were no subjective beings, no feeling and compre-
hending minds, there would be no truth. Facts in
themselves, whether they are or are not represented
in the mind of a feeling and thinking subject, are real,
yet representations alone, supposing they agree with
facts, are true.

3 * *

Mind, or the representation of facts in feeling sub-
stance, is the creation of a new and a spiritual realm
above the facts of material existence. By spiritual
we understand feelings that are representative ; and
we say that it is a new creation because it does not
exist in the isolated facts of the world. It is formed
under special conditions. It rises from certain com-
binations of facts ; being built upon those facts which
produce in their co-operation the subjective state of
feeling. The activity of mind if methodically dis-
ciplined is called science. Science attempts to make
the mental representations correct: it is the search for
truth. The object of all the sciences and of phi-
losophy is to systematise knowledge, i. e., all the in-
numerable data of experience, so that we can under-
stand and survey the facts of reality in their harmo-
nious interconnection. The most important problem




THE ORIGIN OF MIND. 43

of philosophy has always been the problem of the
origin of mind ; for we are anxious to comprehend how
it is possible that feeling can spring up in a universe
of not-feeling objects, and that thinking beings can.
originate in a world of not-thinking elements.
Dualism assumes that the gulf between the two
empires, the thinking and feeling on one side and the
not-thinking and not-feeling on the other side, is in-
surmountable ; Monism however maintains that there
is no gulf, for there is no reason for such an assump-
tion. Both realms, the feeling and thinking on the
one hand, and the unfeeling and unthinking on the
other hand, are not at all distinct and separate prov-
inces. The transition from the one to the other takes
place by degrees, and there is no boundary line be-
tween them. The atoms of oxygen which we inhale at
present are not engaged in any action that is accom:
panied with feeling, but some of them will be very
soon active in the generation of our best thought ac-
companied with most intense consciousness. After
that they are thrown aside in the organism and pass
out as waste products in the shape of carbonic acid.

X. TELEPATHY.

The spiritual originates from and disappears into
the non-spiritual not otherwise than light originates
out of, and dissolves again into, darkness. Light is
usually considered as the emblem of mind, for light
also discloses to our eye those objects which are so
“far away that we can never expect to touch them with
our hands. So mind, the representation of the objec-
tive world in feeling substance, unveils the riddles of
the universe and shows the secret connectlons of most
distant things and events.
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Spiritualists discuss with great enthusiasm the
problem of telepathy. Telepathy means ¢¢far-feeling.”
Mental activity exhibits in all its elements instances
of telepathy in the literal sense of the word. We do
not feel our sense-organs; but in and through our
sense-organs objects outside of us are felt. In and
through our eyes most distant stars are seen. If tel-
epathy has no other but its natural and proper mean-
ing we must confess that the whole activity of the mind
rests upon telepathy.

However, we cannot recognise telepathy in the
sense in which the word is often employed by spirit-
ualists. With many it denotes a process of such far-
feeling as is not caused in the natural way and as
stands in contradiction to the mechanical intercon-
nection of causes and effects in the universe. It is
supposed to supersede the order of nature. We rec-
ognise telepathy fully in the sense that feelings rep-
resent distant events and that mind can thus pene-
trate into the remotest regions of time and space, but
not in any other sense that stands in contradiction
with the universal order of mechanical causation.

What is the soul but a telepathic machine! It is
an organised totality of representations in feeling sub-
stance employed for the purpose of reacting appro-
priately upon the stimuli of external things. Man is a
part of the cosmos, he consists of a certain group of
facts, belonging to and being in intimate connection
with the whole universe. Man’s mind is the cosmos
represented in this special group of facts. A correct
representation of the cosmos includes a proper adap-
tation. Accordingly the human soul is a microcosm
and its function is the endeavoring to conform to the
macrocosm.
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XI. MIND AND ETERNITY.

Light is a most wonderful phenomenon; and yet
we know that the objective process taking place in
luminous bodies and thence transmitted through ether
vibrations to our eye where it causes the sensation of
light, is a mode of motion that can be produced me-
chanically by changing simple or mechanical motion
(1. e., change of place) through friction into molecular
motion. As light originates out of darkness, being a
special mode of motion, so feeling originates out of
the not-feeling. The not-feeling accordingly contains
the conditions of feeling in a similar way as potential
energy contains the potentiality of kinetic energy, or
as molar motion contains potentially the molecular
motion of heat, light, and electricity.

Mind sheds light upon the interconnection of all
things and gives meaning to the world. If the world
consisted of purely objective facts only, it would re-
main a meaningless play of forces. Mind and the
whole realm of spiritual existence rises from most in-
significant beginnings; yet is it so grand and divine
because it represents the world in its wonderful har-
mony and cosmic order.

The function of spiritual activity. appears to us as
transient ; but mind is not as transient as it seems.
The continuous light of a flame depends in every in-
stance upon the conditions of the moment. But the
continuity of mind shows a preservation of mind-
forms, the corresponding spiritual activity of which
is called memory. Memory or the mind-form of former
states is the most important factor in the determina-
tion of the representative value of present states of
mind. The continuity thus effected makes it possible
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for mind to represent not only things and processes
distant in space, but also those distant in time.

The continuation of form in feeling substance, not
merely in the life of single individuals, but also in the
life of the race, produces the growth, the develop-
ment, and evolution of mind. Thus facts can be rep-
resented in their connections, and the necessity of
their connection can be understood. To use Spinoza’s
phrase: The world can be viewed sué specie @terni-
" tatis.

The fulfilment of mind is truth, or a correct rep-
resentation of facts, not as they are now and here,
but as, according to conditions which constitute a
given state of things, they must be here and every-
where. Mind expands in the measure that it contains
and reflects the eternity of truth.

The activity of mind is in one respect as transient
a process as is the phenomenon of light. Yet in other
respects mind is able to grasp eternity within the nar-
row span of the moment.




VITALISM AND THE CONSERVATION OF
ENERGY.

A GRrEear difference appears to exist between an
animal that moves about and a stone that remains on
the spot where it has been placed. It seems as if
every child might easily explain it. And yet it re-
quired the lapse of centuries before scientists could
tell us what were the characteristic features of animal
life.

In former centuries peoplé were satisfied to state
that the animal was alive, while a stone was not alive.
And we may perhaps, even in the present day, accept
this explanation. But we refuse to be paid with empty
words. We now ask : What is life?

In past ages it was assumed, that certain things
were alive, because they contained vitality or a vital
principle. Thissimple explanation was called Vitalism.
The vital principle, it was held, manifested itself
through spontaneous motion. Things that contained,
no vital principle were not alive; and could therefore
be moved by push only, by a vis a tergo, as they said;
that is, through a mechanical pressure from without.

The striking feature of living things, of both plants
as well as animals, is their organic growth of which
inanimate objects are destitute. Thus it became cus-
tomary to distinguish an organic and an inorganic
kingdom ; and when chemistry, the youngest science,
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was born, a new flood of light was expected to be shed
upon the obscure problem of vitality.

Chemists, indeed, discovered, that all living sub-
stance of the animal and the vegetable kingdoms con-
sisted chiefly of four elementary substances ; viz., of
oxygen, carbon, hydrogen, and nitrogen. There were
very slight admixtures only of a few other ingredients,
such as phosphorus, sulphur, iron, chloride of sodium
(salt), etc. Life, it appeared, must depend upon the
interaction of oxygen, carbon, hydrogen, and nitrogen.
Accordingly, these four elements were called organic
substances. They were supposed to be the substances
of life.

But the hope that from a difference of matter the
problem of vitality could be solved, was preposterous.
In many respects the so-called organic substances do
not differ at all from the inorganic substances, and there
exist many combinations of the organic substances
that are neither of an animal nor of a vegetable nature.
We cannot therefore look upon living things as com-
binations of the organic substances; they are more
than combinations of organic substances; they are
organic substances in a special form which admit of a
constant interaction. Substances of such a form are
called organized substances—well to be distinguished
from organic substances. The idea of a life-substance
had to be abandoned, and scientists now tried to ex-
plain the problem of vitality from the supposition
of a vital energy. This vital energy was considered
as different from any other kind of energy, and many
very prominent scientists looked upon it as a super-
natural quality which lay beyond explanation.

The theory that a vital energy animates living
bodies was maintained until half a century ago by our




VITALISM. 49

most prominent physiologists. But it received its
death-blow, when the law of the conservation of en-
ergy was recognized to the full extent of its importance.
We now know that all forces in nature are motions of
some kind: light and electricity are undulations of
ether ; heat is a molecular vibration ; and mechanical
motion, change of place or visible movement, can be
transformed into any other energy, electricity, light,
or heat. Vice versa, motion can be reproduced from
the other energies.

Energy* certainly often seems to disappear and can
apparently be created again. But it can be shown
that energy, when it disappears, reappears in another
form, and that the energy thus created did exist before,
it was only transformed. Energy may be latent ; and
latent energy can be set free again. Because latent
energy can be set free again, it is called potential en-
ergy (L. L. potentialis, from possum, I can).

Suppose my hand exercises a force represented by
A B upon your hand, and your hand resists the pres- -
sure by exercising an equal force in the opposite direc-
tion B A, there will be no motion. Let the stress
between the two hands represent the force of 4 B+B A4.
This stress is latent energy ; it.is potential and can be
converted into an energy of motion, or, as it is termed,
into kinetic energy.

If it takes a pressure of 4 B to set the spring of
a toy gun, the spring will exercise the same amount of
force (B A) upon the catch that keeps it compressed.

* Leibnitz called a force that acts as motion of some form ** vis viva,” or
“living force.” He defined /s v7va as the product of the mass by the square
of the velocity, M V" 2 Butnow the term kinetic energy (from xuvely, to move),
energy of motion, has become customary, and we understand by kinetic energy
half the mass times the square of velocity (14 # Vz). See Mazxwell, Theory
of Heat, page go.
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There will be no motion, so long as the catch is strong
enough to endure the pressure B 4. But the force
A B is not annihilated; it still exists as potential
energy and can be set free at any moment by the re-
moval of the catch, which is done by pulling the trig-
ger. The pressure B A4, that the spring exerts, was
created through the expenditure of the force 4 B dur-
ing the act of setting the gun. The spring is, so to
say, loaded, it is freighted with a certain amount of
energy; and if the trigger is pulled, a kind of explo-
sion takes place—i. e., kinetic energy is suddenly set
free, which is available for doing work. In a toy gun
it is used for throwing pebbles or peas.

A house of cards in the same way represents poten-
tial energy. One card keeps the other standing by
pressure and counterpressure. If through the inter-
ference of some change the pressure of one card ceases
to be quite equal to that of the other, the house breaks
down, thus changing stress into motion—or, in other
terms, thus changing potential energy into kinetic
energy.

The building up and breaking down of a house of
cards is a process visible in all its details. But there
are chemical compositions that are similar to such
houses of cards, yet do not show the details of the
building up and breaking down. It takes a certain
amount of energy to build them, and they thus contain
potential energy. Whenever a very small change, a
slight concussion, an increase of temperature, or a
spark, can cause their breakdown, they are called
“unstable.” Gunpowder and all other explosives are
of this character.

Although kinetic energy may disappear when it is
changed into potential energy, yet energy itself can-
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not be destroyed. Neither can it be produced. Like
matter, energy is indestructible.

The question now arises: Is vital force different
from both these energies? And the unequivocal an-
swer is, No! The energy which living beings expend
in their activity, in their motions, their passions, and
in their thought, is the same energy that we meet with
everywhere, and which is produced in animal bodies
in a’more complicated way, yet in a similar manner
as work is done by machines.* As machines are fed
by coal and heated by the combustion of coal, so the
animal receives food, which through the organs of
digestion is assimilated and transformed into highly
complicated, unstablecombinations. Like gunpowder,
or like a drawn spring, these unstable combinations
contain potential energy.' An unstable combination
of high complexity, when breaking down into a more
stable combination of less complexity, sets free that
quantity of kinetic energy that was necessary to
build it up and to keep it in a state of tension. In the
animal body, as in the fire-box of a steam-engine, a
process of combustion takes place: the exceedingly
unstable oxygen of the air combines with carbon and
nitrogen compounds, which are also unstable and to
which oxygen bears a great affinity, i. e., it easily com-
bines with them into more stable compositions. All the
details of this process are not yet fully known and cal-
culated ; but the theory itself can no longer be doubted.

Combustion means oxidation ; and oxidation, con-
verting substances into more stable combinations, sets
energy free, which appears either as heat or as work
performed. The process of oxidation in the fire-box
of a steam-engine is a luminous process, while in the

* See Gavarret, De la chaleur produite par les étres vivants.
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body it is not strong enough for developing visible
flames. Oxygen, in the process of combustion, unites
with carbon into carbonic acid and leaves behind
water and other incombustible parts.

Oxygen is conveyed into the body by respiration ;
in the lungs the blood is oxidized, which carries the
oxygen to the different organs. Through the oxida-
tion of the tissues in the nerves, in the muscles, and in
other living substances, potential energy is set free
which partly appears as heat, partly as work per-
formed. The heat is called animal heat, the work
performed is the movements of the body. The pro-
ducts of the oxidations are carbonic acid, water, and
certain nitrogen compounds, which are given off in
the secretion of urine, in the air expelled from the
- lungs in breathing, and through perspiration.

Professor Bunge in Basel has againrecentlyadopted
the expression vital energy. Bunge justly maintains,
that the forces that appear in a living animal organ-
ism are entirely different from all other forces in nature.
In this manner he re-admitted the obsolete term
" vitalism. In Professor Bunge’s writings, however,
the term vitalism is in so far modified and modernized,
that the Professor does not at all contest that this vital
energy is just as much energy as any mechanical
movement, heat or electricity, and that it originates
by way of transformation from other forms of energy.
Vital energy is nevertheless entirely different from
other forces, even as electricity differs from heat or
from visible motion, from friction, or from light.

In the old electric machine friction is transformed
into electricity, and we know that electricity as wellas
friction is a certain mode of motion : still electricity is
not friction. Thus, vital energy is likewise quite a
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special form of energy, which form is different from all
the other forms of energy from which it can be pro-
duced.

Vitality is an energy just as well as all other
energies, but its form is peculiar; it is neither elec-
tricity, nor light, nor heat alone, nor any other energy
we know of, although it may be more or less similar
to the one and to the other. Vitality originates from
the same great reservoir of energy as all the other
forms of energy, and it stands with them in a constant
interaction. Yet the only engine by which, to our
knowledge, vital energy can be created, is the animal
organism. According to the present state of knowl-
edge, we can, to say the least, hardly expect to be able
to produce vital energy in any other manner. . This
truth is most concisely formulated in the statement
that life comes from life only.




ORGANIZED AND NON-ORGANIZED LIFE.

IF by life is to be understood spontaneous motion,
we must acknowledge that the whole universe is ani-
mated, and that the animal world owes its life, its
growth, and its whole existence to the universal life
of nature. For a long while, under the influence of
materialistic philosophy, it was believed, that we
should be able to explain the psychological and phys-
iological action of the animal world from the chemical
and purely mechanical processes of nature. The
world was considered as a dead machine moved by
push from the outside. As a matter of fact, the in-
verse is true ; science has been compelled to explain
even the sechanical processes through the facts of
physiology and psychology. For there is life and spon-
taneity everywhere in nature; in the falling stone no
less than in the blowing of buds and in the decisions
of the human will.

The simplest mechanical movements appeared so
self-evident, that scientists believed they might pro-
perly be regarded as the most general facts, to which
for the sake of explanation all other natural pheno-
mena would have to be reduced. Mechanics, after
all, only explains the form of visible motion; it only
shows how one form of motion necessarily proceeds
from another or how it is transformed from potential
energy. The fact of the motion itself remained un-
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explained. How a stone falls can be correctly calcu-
lated ; the cause that occasions its fall in each single
instance can be stated, but the reason why it falls,
why it is attracted toward the earth, remained an
open question. Repeated attempts were made to
explain gravitation from the pressure of a surrounding
ether, simply because scientists had been accustomed
to regard organic nature as dead. In this, however,
they entirely overlooked the fact, that even if in such
case the descent of a stone could be sufficiently ex-
plained through mechanical pressure (we need not
mention here the many contradictions arising from this
hypothesis), the pressure itself, which the ether exerts,
would remain unexplained. By virtue of this explana-
tion the presence of ether must cause all movement,
and ether would be the source of all life, the agency
that produces the spontaneity of nature. But, if
ether itself is not alive, through what push or pressure
could it have attained its energy ? In this manner the
problem is only delayed,—and can be delayed ad inf-
nitum without the approach of anything that looks
like an explanation. We therefore regard these ether-
theories as a failure, and rather adopt the simpler
conception, according to which nature as a whole is en-
dowed with spontaneity, i.e., self-motion. A stoneisnot
pushed toward the earth by a pressure, by a vis a tergo,
but it spontaneously moves. The stone (like all bodies)
has a quality, called gravity, which is manifested in
gravitation. One body attracts another body inversely
as the square of their distance. Gravity is not out-
side of the stone pulling or pushing it; it is in the
stone itself, it is an inseparable part of it, a quality
being identical with its mass. Accordingly, the fall-
ing stone is not acted upon, it is self-acting.
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This same principle applies to all more complica-
ted processes, and even to human action itself. A
chemical combination is not affected through the
pressure of some unknown or unknowable agent out-
side the substances that pushes them together; but
through their own inherent energy, through qualities
that are inseparably connected with their very exist-
ence—qualities that in their totality constitute their
whole being.

The spontaneity of living creatures, which in the
form of organized life is called vitality, is accord-
ingly derived from other forms of energy, just as the
materials that are constantly building up the body
are substances that are found everywhere about us in
nature. We drink the water that falls from the clouds
or is drawn from a spring. The carbonic acid of the
air is transformed in plants into hydrates of carbon, and
we consume them in our daily bread. We breathe
the oxygen of the air, and through all the complex
and peculiar processes which these substances undergo
within our body through constant combinations and
decompositions, we derive in every second of our life
fresh strength from the great store-house of living
nature to live, and move, and have our being.

Spontaneous motion is the universal feature of all
natural processes. Butif spontaneity is not the charac-
teristic feature of animal life, if the self-motion of liv-
ing men and animals is only a special instance of the
universal spontaneity of nature, if they are but a pecu-
liar form, a particular, grand, and wonderful revela-
tion of the same—what then is to be regarded as the

" essential difference between both these kingdoms? A

difference which, despite the intimate connection of
both, is so very striking and manifest.
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That which particularly distinguishes so-called liv-
ing beings in their contrast to the so-called not-living
beings of inorganic nature is their organization. We,
therefore, must carefully distinguish between organic
substances and organized substance.

Organized substance, or rather organizing sub-
stance, is that which displays all the special functions,
which exhibits the properties of life in the narrower and
in the ordinary sense of the word. Organized sub-
stance not only possesses that spontaneity of movement
which is common to all substances, and which it shows
in a striking manner especially by the transformation
of potential into kinetic energy; it also possesses the
* faculty of continuing without interruption the process
of self-organization. It takes from its environment
fresh substances, which it assimilates into the higher
(that is, unstable) combinations of its own ; where-
upon in animal beings these higher and unstable com-
positions again are decomposed through a process
of oxidation.

The process of organization, accordingly, consists
in what we usually understand by assimilation of food,
resulting in nutrition and growth, accompanied by dis-
assimilation, i. e., a constant expulsion of the used ele-
‘ments. In animals, moreover, the setting free of
energy in the form of motion is a further characteristic
trait of the most important peculiarities of the higher
forms of organizing substance.

We learn from this that every trifling act of vitality,
be it ever so insignificant or little, the slightest move-
ment, even the blinking of an eye, and also every
thought and every emotion of our soul, is a decay of
built-up living substance. How closely, then, are
death and life akin ! Nay, they are in this sense iden-
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tical, for each 5ct of life is an act of death and the old
hymn is true,

In the midst of life by death we are surrounded.
Media vita nos in morte sumus.,

And this idea contains even a deeper truth than
was dreamed of by the poet of those lines, or by the
millions of human souls of past ages, who in their
anxieties and in danger of death repeated the words of
that grand hymn.

Decay is the condition of activity. Thus the char-
acteristic feature of death is the very nature of life.
Death constantly hovers about us, and out of his hand
we receive—through the decay of the forms which
hoard potential energy, that vitality which warms our -
hearts and glows through all our being, which we ex-
pend for our own necessities as well as for the weal of
future humanity.

The truth, that every vital act is at the same time
an act of death, would find a wrong application if its
influence would drive us to melancholy, if it would
make our lives gloomy and our souls despondent.
On the contrary, it must make us brave and coura-
geous, for indeed it does not show life in a terrible and
death-like shape, but death himself with all his terrors
appears in a milder and nobler aspect. Death, the
giver of life, will bestow the richer gifts, the better we
learn to appreciate their value. To both the spend-
thrift who wastes, as well as to the miser who leaves
his powers of life unused, the fountain of life will cease
to flow. But through wise use we may do both, pre-
serve and even increase its bounties.

Who wishes to preserve his life loses the same ;
but he who loses his life in the service of a higher and
of a more lasting cause than is that of self-hood, will
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truly preserve hislife. Activity of work not only keeps
the fountain of life flowing, but the work performed
will live even in the generations to come, and the
greater, the purer, and the nobler, the more moral our
work i5 the more lasting will it be, the more will it
partake -of the grandeur of eternity.




MEMORY AND ORGANIZED SUBSTANCE.

THROUGH the monistic conception the yawning
chasm that seems to separate living nature from dead
nature, is bridged over. Dead nature only appears
to be dead in comparison with the higher manifesta-
tions of organized life. Nevertheless, the latter springs
from, and is constantly drawing upon the resources of,
the former. It is true, it has not hitherto been possi-
ble to create organized substance from non-organized
" substance. So far as we can judge this cannot be
done otherwise than by the natural process, with the help
of previously extant organisms. All attempts to the end
of making the organic elements (O, C, H, N) organize,
have utterlyfailed. This, however, does not disprove,
that under certain definite circumstances (which, per-
haps, are no longer realizable on this planet of ours)
the organic elements do actually organize with the
same necessity as under certain given circumstances
electric tensions spontaneously arise, which afterwards
discharge in thunder-storms.

The spontaneous rise of organized life from the
¢¢all-life”” of nature cannot be contested, unless indeed
we wish to lose ourselves in interminable contradic-
tions or in incomprehensible wonder-theories concern-
ing supernatural powers.

In view of the fact that we must grant even to in-
organic nature a certain kind of life, manifested in
spontaneous self-motion, the question has been mooted,
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whether a piece of coal that burns away, and a stone
that falls to the earth, are not endowed with a kind of
feeling, that is, whether in such substances actually
there does not take place something that, on a minia-
ture scale, might correspond to that which in our-
selves we perceive as feeling.

The question is perfectly legitimate, and, perhaps,
ought to be answered in the affirmative. The non-
organized substances must, in fact, possess all the
conditions of organized life, and consequently those
of feeling also. Still, in admitting this, we ought to
bear in mind that the mere conditions of feeling are
not as yet feeling itself, even as mere friction does not
as yet constitute electricity.

The processes of inorganic nature, as compared with
those of organized life, are isolated and instantaneous
proceedings. They are not organically linked to pre-
vious processes by a chain of memories. An atom
of oxygen goes through a thousand different conditions
which leave, so far as we are able to judge, no mark,
no impression upon it. With equal indifference it
will now sustain life and now cause iron to rust. That
it did pass through the former process hasno influence
upon its action in the latter, and although all processes
of nature, even those of inorganic nature, are intercon-
nected, the connection is meaningless in such cases.
Every process of inorganic nature is an isolated act,
limited to the instant at which it takes place. This
is one and perhaps the most important reason why
inorganic processes can not exhibit feeling—certainly
not that which in the life of animal existences we are
wont to designate as feeling.

Coal and stones and atoms of oxygen in the air are
not sentient beings in the same sense as animals, and
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not even in the sense in which mimosas are sentient,
simply because they are not organized, and according
to all appearances are destitute of memory. Only
memory can create feeling—that which we commonly
understand by feeling, which is a discriminative faculty.
The retentive power of memory preserves former im-
pressions, and thus rendersa comparison of the present
state of things with past experiences possible.

Professor Hering most ably demonstrates in his
famous monograph on Memory, that memory is a uni-
versal property of organized substance. Memory, in-
deed, is the result of organization and all the supe-
riority of organized substance over inorganic matter,
is first of all due to its memory.

Every organized substance that we know, is but
the summation of its history from the beginning. Every
impression, and every mode in which the organism
ever reacted against impressions, are faithfully pre-
served, in the most delicate and recondite features of
the living substance. By the aid of its memories an
organism creates a unity with its own past as well as
future, which enables it to turn the fruits of former
experiences to advantage for experiences to come, and
in this manner renders possible a progression to ever
higher stages of development, to more varied forms,
and to more powerful and nobler types of being.

The rise of organized substance from non-organized
elements constitutes the triumph of nature over the
blindness of a purely material reality. The elements
previously isolated combine and their very union builds
up in their forms a higher kind of life. Substance, in
becoming organized, peculiarly connects the existence
of materiality from molecule to molecule. It produces
above or among the molecules a new kind of existence,
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manifested in ceaselessly interacting structures which,
not unlike living fountains, preserve their formsin the
constant flux of matter. Material existence has the
advantage of being indestructible and eternal, but the
life of forms has the greater advantage of being plas-
tic, and while preserving the treasures of its former
days, it can, in every moment of its activity, gain new
ones. This higher life of nature, deriving its super-
iority and grandeur not from its material resources,
but from its form, may very well be characterized as
spiritual.

It is said that the human body every seven years
completely renews all its constitutive elements. But
the connection with the work done by the lost and dis-
integrated parts is therefore not broken, after their
having performed their respective functions. We still
very well remember what we did and thought seven
or fourteen years ago, nay even twenty-one, twenty-
eight years, and more. The reason of this wonderful
fact is, that the forms of organized substance as
created under the influences of events and actions
amidst all the elementary changes of growth, still re-
main faithfully preserved.

The preservation of form in living substance is
the principle that explains memory. Indeed, both are
equivalent terms. By memory we understand noth-
ing more or less than the psychical aspect of the pre-
servation of form in living substance. The skin of my
hand, which once, some twenty years ago, was slightly
wounded, has been renovated again and again, through
the expulsion of all disintegrated parts, but the form
of the wound has nevertheless been preserved in the
white line of a scar. The brain similarly preserves
certain impressions, the forms of which remain, though
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the nervous substance may change. And if these forms
happen to be stimulated or irritated, we experience
the same feelings over again, as when we received the
impression—only much weaker in its resuscitation than
in the moment when they were first experienced.. And
yet not a single particle is preserved of the matter
that, at the time of the impression, performed the
function of feeling.

The higher life of nature begins with memory
through the preservation of living forms, and in the
course of the ever-ascending higher development of
the organizing substances, it will reach the conscious-
ness of animal life and ultimately rise to the stage of
human intelligence. -

This same higher nature, that created spiritual
existence, still continues active, and in the depths
of human hearts incessantly creates new ideals, which
in organic growth sprout forth from past experiences.
The memories of both successes and failures live
in our brain, and shape themselves into new images of
better conditions, under which disappointments can
be avoided. Thus they lead humanity onward on the
highway of an endless and boundless progress.

The spiritual life of higher existence, which to
organized substance imparts its superiority and proper
character, we commonly call sox/. Accordingly, we
define soul as tke form of an organism. This definition
may seem exceedingly simple, but like all simple truths
it possesses a far-reaching significance.

The development of our soul is the highest task of
humanity ; to attend to this task constitutes our most
sacred religious duty. But the indispensable condition
for this is self-knowledge.

The pursuit of self-knowledge being the basis of re-
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ligion, the words I'vél: ceavrov, ‘‘know thyself,”
were inscribed above the portals of the most venerable
sanctuary of ancient Greece. Self-knowledge is de-
manded from those who wish to cross the threshold of
the sanctuary of Apollo, of the divinity of light, and
spirit.

Toinvestigate the nature of the soul, to study the laws
in accordance with which the soul is developed, and pre-
served in a condition of health, is of greatest import-
ance to every human creature ; for even in our own day,
to the most advanced and radical adept of free thought,

®s to all, the grand words of the Gospel apply : ¢ What
shall it profit a man, if he shall gain the whole world
. and lose his own soul ?” (MARK viL 36.)




SOUL-LIFE OF ANIMALS AND PLANTS.

THE soul of man is the result of the total develop-
ment of organized substance from its first beginning
and through all its phases of transformation. Man is
the sum of all the memories of his ancestors. In the
man of to-day all the memories of the past continué
to live, as naturally as the child continues to live in
the youth and the youth in the developed man.

Death vanishes, when we thus conceive mankind
as one grand totality, as a huge wave sweeping on-
ward across the ocean of life. The wave in its progress
incessantly lifts other particles of water and leaves
the old ones behind ; yet it remains the same, and ever
must remain the same in its onward career. The wave
is not the water, although it consists of water; itis a
special form of motion in water. Humanity is not the
matter of which men’s bones and muscles consist.
Humanity is a certain form of life—a form of motion
that sweeps over the ocean of matter. The material par-
ticles of which humanity now consists, are left behind,
they sink back into the ocean, but humanity continues
to progress ; it continues to live, and remains the same
through all the changes which the material parts of
living substance have to undergo. By humanity we
do not understand the clay of which man is made,
nor even the life which moves the clay, but the form
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of life in the clay—his soul; and the soul lives even
though the body may die.

From this point of view the life of the individual
man is enlarged beyond the narrow limits of the
ego. He feels himself a part of a great whole, for
which, even in the most modest sphere, he can work
and exert himself. And in so far as he represents the
soul of humanity, he breathes the atmosphere of im-
mortality. The tidal wave of life, that now bears him
along, even after his earthly part has returned to the
dust whence it originated, will sweep resistlessly on-
ward toward grand and glorious goals, that now in our
ideal aspirations we dimly can presage.

Let us throw a glance upon the beginning of or-
ganized life where it separates into two distinctively
different kingdoms, »¢z., into plants and animals.

Living substance, animal as well as vegetable, which
has not as yet assumed a perceptibly specialized form,
is called protoplasm. Mi-
nute lumps of animal pro-
toplasm can frequently be
found in stagnant water.
They arecalled change-an- ¢
imals, or amcebas. Amce-
bas do not yet possess a
distinct mouth ; they take
nourishment by absorbing
and assimilating all kinds
of animal and vegetable particles, which they draw into
their interior through any point of their surface. They
have no distinct members; they move by sending out
protuberances and dragging the rest of their mass be-
hind. They multiply by division. Their constant
changes of form gave them their name.

AN AMEBA.
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Amcebas cannot as yet be characterized as organ-
isms. The simplest organism into which living sub-
stance develops, is the
cell.

Simple as the cell real-
ly is in comparison with ,
any higher organism,it still b
appears extremely com- a
plex, when submitted toa
careful investigation. Un-
der ordinary conditions it
consists : 4 cRLL.

t. Of a membrane or; The granulated appearance, accord-

ng to Fleming, is caused by coagula-

skin, @, formed under the tion due to chemical reaction. In the
. . . living cells which he examined, minute
influence of its environ- particles of fat vibrated in the interfi-

ment. bral matter.

2. Of the kernel or nucleus, ¢, and

3. The plasma or cell-substance, .

According to Prof. Walther Flemming,* the cell-
substance, as well as the nucleus, is made up of spe-
cial fibral structures and an interfibral mnatter, which
in living cells, we have good reason to infer, is of the
nature of a fluid.

The kernel contains a smaller kernel, &, called the
nucleolus.

In the activity of the cell there subsists a division
of labor : the skin acts as the agency of communication
with the outside world, the cell-substance assimilates
and disassimilates food, the kernel serves for propaga-
tion. When the kernel has split, the cell begins to
branch off into several filial cells.

The principle of division of labor is carried farther

* Zellsubstanz, Kern, und Zelltheilung., By Walther Flemming, Professor
of Anatomy at Kiel. Leipzig, 1882. F. C. W. Vogel.
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still, when, as in the Hydra or Gastrula, several cells
form one greater whole. Each cell retains its individ-
uality, but it is differentiated through its service upon
the organism, to which it belongs.

GASTRULA (OLYNTHUS.)

SAGITTA. URASTER, NAUPLIUS. LINNZUS,
FOUR DIAGRAMS OF DIFFERENT HYDRAS, ACCORDING TO HZECKEL :

#, Inner skin, or entoderm. d, Stomach.

e, Outer (exterior) skin or entoderm. s, Reservoir of assimilated food.

o, Orifice or mouth,

The law of specialization which makes the parts
of an organism work with and for each other, is the
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fundamental condition of all higher evolution of life.
Organized life, therefore, with all the varied spiritual
treasures that it has created, ultimately depends upon
a moral condition ; it depends upon the condition that
the individual earnestly devotes all its life and efforts
to the service of the greater whole to which it belongs.
Or shall we not rather state the fact in its inverted
and more natural order? Because the devotion of
the work of every part to the life of the whole is the
condition of all evolution and of all progress, there-
fore it is ethical. Ethics is no creation of our mind.
Being the code of rules for our conduct, it must stand
on facts. The facts that have produced man, are the
data from which the rules of our conduct must be de-
rived. If ethics were a human invention, it would be
a mere fancy of our imagination. It might then be
called poetry, or romance, or subjective opinion, but
it would never be a science. Ethics, as we conceive it,
can be derived from and applied to facts. It isa
science and among the sciences it is the science of
sciences. It is applied philosophy.
*

* * )

The Hydra, or fresh water polyp, being the next
step in the progressive development beyond a cell, has
the shape of a double-skinned bag. (See Flgs on p. 69.)

The outer skin, or ecto-
derm, ¢, performs the functions
of sensation and motion; if ir- |
ritated, its cells contract. The -A&
inner skin, or entoderm, 7, per-
formsthe functionof food-assim-
ilation. The cells of the ecto-  neuro-MuscuLar crLs.
derm being connected among themselves by long
fibres, are called neuro -muscular cells, because they
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perform in the simplest manner possible at the same
time both the functions of nerves as well as those of
the muscles in more highly organized animals.

Man, considered from the standpoint of the theory
of evolution, must be regarded as a most highly de-
veloped Hydra. In man the inner skin, or entoderm,
through constant specialization of work, through the
perfectionment and increase of the functions, has been
developed into lungs, stomach, intestines, heart, liver,
and kidneys. The ectoderm, or outer skin, has been
transformed into the epithelium, muscles, nerves,
bones, and brain. The activity of the soul proper—
i. e., of that part of the soul, or the whole form of the
organism, which discharges the most important func-
tions,—has been concentrated in the brain.

Professor Hackel, in one of his lectures, beautifully
explains, how each cell, even the plant-cell, is endowed
with a peculiar soul of its own ; but in higher animals
there are formed through a division of work special
soul-cells in the shape of nerve-substance.

The vegetable world could not raise its humble and
modest existence to such a height, as to differentiate
its soul-life in special soul-cells or nerves. And the
reason why plants remain on a much lower level than
animals, is mainly due tothe fact, that the plant chiefly
lives upon inorganic elements, deriving nourishment
from its immediate environment, from the earth, the
air, and the water. Under the influence of the sun,
the plant decomposes water and carbonic acid, setting
free their oxygen. It retains the carbon of the car-
bonic acid, and the hydrogen of the water. At the
same time it absorbs nitrogen compounds from its sur-
roundings. The products of these decompositions are
then united into those combinations of carbon, nitro-
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gen, and hydrogen, which serve animals as food. The
plant, accordingly, (or more correctly expressed, the
solar-heat in the plant,) performs the work of decom-
posing the surrounding elements and building up out
of the simple products of decomposition higher com-
binations that are more complicated and contain po-
tential energy. The functions of the animal body are
performed exactly in an inverse order. The plant-cell
decomposes in order to build up, the animal-cell builds
up in order to decompose.

The higher a combination is, the less stable it is.
Like a house of cards, it easily breaks down and sets
free the energy stored up in its structure. Animal
bodies decompose vegetable combinations in order to
transform them into much higher combinations which
are extremely unstable, and thus they gather a store
of potential energy that, whenever wanted, can be con-
verted into the kinetic energy of living movements.

Animal life is conditioned by plant-life ; plant-life
must perform the preparatory work ; it collects by the
aid of sun-beams a treasure of potential energy, whence
animal life can derive the strength of its existence.

Since plant-life disengages comparatively little en-
ergy and that which it disengages, seems solely de-
voted to decomposition, plants naturally lack volun-
tary motion, and therewith all the higher soul-life of -
the animal world. Exceptions to this rule are mostly
illusions. Such motions as those of the sun-flower,
turning its head toward the light, and the closing ot
the morning-glory after sunrise, cannot be considered
as voluntary. And such instances as the movements
of the Mimosa and the Venusfly-trap are at best slight
indications only of the higher possibilities which are

- realized in animal life.
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Darwin’s interesting and well-known researches
upon this subject seem to confirm, that the movements
which take place in these plants in consequence of an
irritation, can partly, at least, be referred to the con-
traction of certain cells. As soon as the hair-like fibres
on the upper edge of the fly-trap are irritated, they
transmit the irritation to the cells of the middle-ribs of
the side-leaves, whereby such a change is effected in
the cells that both halves of the leaf approach each
other. The nature of this change in the fly-trap has
not as yet been sufficiently established. - But, it is
highly probable, that the movement in question is
caused by some kind of purely mechanical pressure,
and not through any disengagement of energy in the
plasma of the cell. Yet, even if this were the case,
it still differs immensely from the voluntary movement
of animal substance, even in so low an organism as is
the amceba ; and we can look upon the motions of the
Venus fly-traps as upon a faint analogy only to the
activity of the animal world, and very rare, indeed,
are instances of such motions in the world of plants.

The work of the nerves or soul-cells consists in the
transmission of an irritation, caused through an out-
ward impression. The irritation provokes a movement
which is called the reflex-motion of the irritation. It
is considered as a reaction, and physiologists speak of
‘‘a change of irritation into reflex-motion.”

Nerves, accordingly, perform two functions:

1. An irritation is received at the periphery (the
outer skin) of an organism ; and

2. A reaction takes place in the interior of the nerv-
ous substance. It is conducted on another path back
to the periphery, causing the contraction of certain
fibres beneath the skin, thus resulting in motion.
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In this manner two kinds of nerve-fibers are formed,
in-going and out-going lines, centripetal or afferent,
and centrifugal or efferent nerves, which meet in a
knot, the so-called ganglion. The centripetal nerves
are called sensory, the centrifugal motory.

As an in-
stance of an ex-
tremely simple
nervoussystem

' consistingsole-
lyof a ganglion
g with afferent
and efferent
nerves, we
mention the
whirl-worm or
s Turbellaria.
A The skinofthis
2 Worm is differ-
entiated in two
places on each
side, in the one
as eye inadap-
tation to the
rays of light,

TURBELLARIA, ACCORDING TO HZCKEL. andin theother
&, Ganglion. o, Ear. as ear, under
s, Sensory fibres. A, Skin. .
m, Motory fibres. /. A layer of muscles. the influence
¢, Tentacles (feelers). w, Cilias covering the of the waves of
a, Eye. skin.
sound.

What an enormous distance from a worm like this
unto man, who in his complicated nervous system con-
tains hundreds and thousands of such minute gang-
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lion-systems, partly codrdinated and partly subor-
dinated in a rich and systematic arrangement !

If comparative
physiologyhasnot as
yet succeeded in dis-
covering all the
many millions of
links from the
amceba up to man,
what does it matter?
Theevolution of man
from a lowly origin
can no longer be re-
jected if we consider
that continuity is
throughout the char-
acteristic feature of
life. Man represents
life from the very be-
ginning of life and
what he is he is
through the history

- -

of his race.
_ Thatmanhasrisen
THE NERVOUS SYSTEM OF MAN. from a low beginning
%, Corebellum. to that height, is not
2 ERRA serve. humiliating to him

e, Brachial plexus. . s
/ lnternlal gutan?oti‘s nerve of thearm. . Dut elevating; it
, Mesial nerve of the arm.
i. Cubital or ulnar nerve, N proves that he may
7, Sciatic plexus, giving rise to the prin- .
' Tciple lﬁarves ofgthekgjwer extremities. continue to develop

f st e his soul even to a
/, Radial nerve of the arm.
, 0, External peroneal nerve. greater and nobler

”»
#, #, Tibial nerve.
o.' External sapheneous nerve. future.




FEELING AS A PHYSIOLOGICAL PROCESS.

In the first chapter of this book ¢ Feeling and
Motion,” the question was proposed: ‘¢ What is the
molecular combination that is accompanied with feel-
ing, and what is its mode of action ?”

This question is not as yet answered by physiology.
It is a problem still, and we are far from a solution
that would be satisfactory in all its details. We know
something .about the subject, but that something is
very little in comparison to what our physiologists
would like to know.

The ganglions are for good reasons supposed to
be the seat of feeling ; yet it must not be understood
that feeling is created there alone. It is there alone
that feeling is centralized. It appears that the sen-
sory organs with their natural covering, the skin, also
belong to the whole feeling apparatus. Every one
of them is an indispensable part for the production of
normal feelings. If any one of these parts is injured,
feeling will either cease altogether or at least be dis-
turbed. If, for instance, the tactile bodies (the Pa-
cinian corpuscles) are not covered with skin, irrita-
tions will no longer be felt as tactile impressions, but
as pain.

The process of a nervous transmission is extremely
complicated, and our observation is limited to its
crudest outlines only. We know, however, that the
transmission through the ganglions must be even more
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complicated than the transmission through the fibres,
for according to minute measurements by Helmholtz,
a nervous shock travels through the human nerve
fibre at an average rate of 30-40 metres 1n a sec-
ond, but it is much retarded on its passage through
the ganglions.

* * *

Du Bois Reymond has proved that every trans-
mission of nervous irritations is accompanied with
electrical phenomena. The apparatus connected with
the nerve for measuring the electric tension shows a
decrease of the strength of the current during a state
of nervous activity. This was called by Du Bois Rey-
mond negative Schwankung, <“negative fluctuation.”

The negative fluctuation of the electric tension, it
may be incidentally mentioned, is not at all a phe-
nomenon of nervous activity alone. Du Bois Rey-
mond’s law holds good for muscular fibres also. In
a state of rest, the living muscle, like the nerve, shows
in the galvanometer the presence of a low and con-
stant current, which in a state of activity noticeably
decreases, proving that that much electricity is being
used in other directions.

The nervous system is often, and not without good
and obvious reasons, represented as a telegraphic ap-
paratus. The method of transmission also has re-
peatedly been compared to our modern system of
telegraphing through electric currents. The won-
derful achievements which man accomplished with
the help of electricity, seemed to suggest that ner-
vous transmission might be of an electrical nature.
Since the discovery, however, made by Du Bois Rey-
mond, we know for certain that this is an error. Ner-
vous transmissions are accompanied by electrical phe-
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nomena, yet they cannot be explained as such. This
is evident even from the different rate of transmission ;
electricity travels, according to Wheatstone, 464,000,
ooo metres in one second, while the velocity of ner-
vous irritations, in spite of all the fabulous swiftness
of thought,is more than ten million times slower ; and if
nerve-activity is to beregarded as electrical action, how
can it differ from muscular activity which exhibits the
very same electrical phenomena? Neither can the
nerve-fibres be compared to the wires of a telegraph,
which are transmitters simply of the electric current ;
for every single nerve-cell in a nervous fibre, and also
every cell in the muscular fibre, is in itself a small
electric battery. The whole process of nervous trans-
mission may rather be compared to a number of
small explosions transmitted over a line of grains of
powder. An irritation, i. e., an impression received
by some contact with the outer world in a sensory
organ, being transmitted through the sensory fibre to
the ganglion, and from the ganglion through the
motor fibre to a muscle, causes along the whole tract
of its transmission a continuous discharge of potential
energy stored up in the nervous substance. The
transmission being accompanied with many other
phenomena, ends in an innervation of the muscle which
forms the terminus of the motor nerve. This inner-
vation is the nervous discharge that causes the muscle
to contract and thus produces mechanical motion.
* * *

Let us for the sake of illustration represent the
nerves as a series of compressed springs, so arranged
that if one is released it will at the same time release _
the next following; thus any disturbance will travel
from one to the other along the whole series. The
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organism is constantly at work to repair the losses in-
curred. As soon as potential energy is set free, new
structures are built by the circulating fluids freighted
with vitalized substances. Thus by the activity of
the blood, to return again to our simile, the dis-
charged springs of the nervous system are again and
again compressed, and thus they are, unless the ex-
haustion be carried too far, always ready for action.

If a shock is transmitted, the effects produced de-
pend first upon the shock itself. The more violent a
shock is the more sudden will the disturbance be.
And if a shock covers a larger field of the skin, it
must necessarily irritate a larger number of nerve-
fibres, thus producing a greater excitement than if
two or three nerve-fibres were disturbed only. Yet the
main determining factor of the effect, it appears, is
_ the specific energy (as Johannes Miiller called it) of
the nervous substance in the nerve as well as in the
ganglion. Similarly, if a shock is transmitted through
a series of springs, the effect will depend upon the
springs chiefly—upon their form and their tension;
form and tension are the ¢‘specific energy "of the
springs. The different nerves became adapted to
special irritations. The optic nerve became adapted
to the ether waves ; their irritations are transferred to
the optic ganglions, and there possibly the disturbance
isaccompanied with a feeling called light. The auditory
nerve became adapted to air waves; this irritation
is transmitted to the auditory ganglion, and there
possibly it isaccompanied with a feeling called sound ;
etc. By a constant and exclusive use for their special-
ized purposes through many thousands of genera-
tions, the tissues became so adapted to their special
work, that now they cannot otherwise react against
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any kind of irritation than as sensations, the one of
light and the other of sound. Any disturbance, a ray
of light as well as an electric current, or a mechanical
concussion, will produce sensations of light on the
optic nerve, and sensations of sound in the auditory
nerve. The same causes will produce sensations of
smell in the olfactory nerve, and sensations of touch
or of temperature in the sensory nerves that terminate
in the skin.*

The feeling which originates in the ganglion, dur-
ing the transmission of a nervous perturbation, can
depend upon the forms only of the different cells. A
certain shock is received which sets free a series of
tensions ; the liberation of some of these tensions in
the ganglion is a commotion of sensory cells, accom-
panied by feeling. It is called a sensation. The
course of motions nowhere ceases to consist of mo-
tions. We have a continuous transference of motions,
yet some of these motions are accompanied with feel-
ing. These feelings are different among themselves,
and we have sufficient evidence to believe that their
difference exactly corresponds to the different forms
of nervous action which they accompany. We may,
accordingly, without impropriety, speak in this sense
of the different forms of feelings.

Suppose we had before us a line of cards arranged
in pairs leaning one against the other, in such a
manner that a slight shock will upset the whole
series ; a simile often employed to explain the trans-
ference of nervous shocks. At a certain point, in
about the middle of the line, let us suppose that a
bell is fixed, the tongue of which strikes the bell upon

* Compare E. Hering, * The Specitic Energies of the Nervous éystem,"
Nos. 22 and 23 of 7%e Open Court.




THE PROCESS OF FEELING. 81

the overthrow of the two adjoining cards. At the
end of the line, upon the two last pairs of cards,
stands a small vessel filled with water. Upon the over-
throw of the cards the water is spilt. The striking of
the bell represents sensation, * the spilling of the water
muscle-innervation. The striking of the bell is not
changed into a spilling of water: the former only pre-
cedes the latter in time. If a nerve is irritated below
the ganglion, a muscle-innervation takes place with-
out sensation, with the same necessity as the water is
spilt without any previous sounding of the bell, when
the cards below the bell only have been upset. But
when the motor nerve is cut, and the sensory nerve
is irritated alone, then sensation only occurs, without
any reflex muscular motion, just as a perturbation of
the upper line of cards will make the bell sound, but if
the line below the bell is interrupted, it will not cause
the spilling of the water. .

The mechanical connection of causes and effects
need not be interrupted, if that part of the transmit-
tance of nervous irritations which takes place in the
ganglion is so disturbed as to produce no actual feeling.

* The simile is in so far inadequate as the striking of the bell and the
air vibrations of sound are motions also. Feeling, however, is no motion,
and does not originate from a transformation of either potential or kinetic
energy. : .

Some psychologists compare the phenomenon of feeling to the shadow
which accompanies the motions of a body. But a shadow is the absence
of light and light again is a mode of motion. Feeling is no motion, nor is it the
disappearance of motions. Other psychologists have compared conscious-
ness to the sparks that an engine emits with the smoke. Sparks also, being
little particles of fire, are modes of motion. Thus these similes are also
inadequate. -

It will be difficult, if at all possible, to find an appropriate simile, and
why? Because, whatever allegory we take from the processes of the objec-
tive world, we constantly remain in the province of objectivity. Whatever un-
speakable difference there may be between two processes of objective phenom-

ena, they belong to the same domain; while the domain of subjective reality
or feeling, in spite of the parallelism between both, is so heterogeneous that it
suffers no comparison.
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Suppose the bell be covered with a woolen cloth,
will not then the phenomenon of sound that accom-
panies the process cease altogether, although other-
wise there is nothing changed in the mechanism of the
transmission? And when, through alcoholic poison-
ing, through medical drugs (an@sthetics), or through
any nervous disturbance, consciousness is for a time
obliterated, may not a man under certain circum-
stances act exactly as if he were in full possession of
consciousness? Does not often an intoxicated man
or a hypnotized subject move about and talk like other
people, and yet he knows nothing and afterwards he
will remember nothing of all that happened ?

The concatenation of circumstances is such that
we are easily misled to suppose that when the cards
are overthrown the striking of the bell causes the spill-
ing of the water, and that consciousness sets the
muscles in motion. On this supposition only, which
takes a post hoc as a propter hoc, i. e., a mere se-
quence as a causal connection, is based the assump-
tion that consciousness is the motor power, the pr:-
mum movens, of the soul; the cause, the principium,
and beginning of man’s muscular movements, the ori-
gin and source of his activity. However, conscious-
ness does not produce the activity of our body. Con-
sciousness, as M. Ribot says, does not constitute the
situation ; on the contrary, it is constituted by the situ-
ation. Consciousness is an indicator only of a certain
condition of our nerve-activity. It is not the cause of
a man'’s will, but it is the expression of a certain state
of mind, which, under normal conditions, will be fol-
lowed by an act of will, be it a real muscular motion,
a spoken word, which of course is muscular motion
also, or the inhibition of a motion.
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Every idea considered not as a mere feeling but as
a brain-structure fit to serve as an irritation to ac-
tion (we call such ideas impulses), will, if not in-
hibited, pass into an act, whether it be connected with
consciousness or not. Consciousness itself is not the
motion that causes the transmission of nervous irrita-
tions, it is not the agency that discharges the inner-
vation for contracting the muscles. It is a phenome-
non that merely accompanies the physiological pro-
cess of a nervous transmission through the ganglion.

It is not the shadow that makes our body move ;
it is the body that moves; and the shadow accom-
panies the movement. Itis not the ticking of the
pendulum that sets the wheels of the clock in mo-
tion, but the swinging. The motion of the clock is
produced by the pressure of the weight which is trans-
ferred to the pendulum in the form of vibrations.
The motion of our limbs is caused through the trans-
mission of a nervous perturbation, setting free a
part of the potential energy stored up in our motor
nerves and in our muscles; but there is, properly
speaking, no change of ¢‘consciousness” into ¢ will,”
no change of ¢ feeling” into ¢‘ motion.”

When we compare consciousness to the ticking of
a pendulum, we do not wish to maintain that con-
sciousness is as superfluous and indifferent as the tick-
ing of a pendulum. We merely express in this simile
that it is destitute of motor power. Although con-
sciousness is destitute of motor power, it is neverthe-
less of paramount importance. There is nothing re-
dundant in nature ; how can consciousness be a su-
perfluous factor in the constitution of man’s mind ?

Consciousness may be compared to a light. It af-
fords in novel and difficult situations the possibility of
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circumspection. The light in a machine room will en-
able the attendant engineer properly to regulate the
motions of the engine; but the rays of the lantern
have no locomotive power upoa the wheels and piston,
so as to set the engine into action. If the engineer
is a novice, he cannot do his work without light, but
the expert knows how to direct the lever even in the
dark. The consciousness of mental states is an indis-
pensable condition of the proper direction of will, but
it does not possess motor power.




THE NERVOUS SYSTEM OF WORMS, RADIATES,
AND ARTICULATES.

THE simplest nervous system consists of a single
ganglion with afferent and efferent fibres. Its action
is represented in the adjoined diagram. The sensory
irritation is transmitted as a primitive reflex motion
from the skin, or the sensory organs in the G
skin (S7), through the ganglion (G) to the
muscles (M), thus starting from and re-
turning to the periphery ; and we have rea-
son to suppose that the transmission of this s L
nervous irritation is accompanied in the ganglion by
an extremely vague kind of feeling.

A ganglion constituting the centre of so simple a
nervous system as is for instance that of the whirl-
. worm, is called a primitive brain.
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Not much more complicated are the nervous sys-
tems of Radiates, whose organsare arranged in a circle
like the parts of a flower. The starfishes belong to
this class ; they may be regarded as five worms having

T nouth and a digestive
ran in common. Each

n possesses a small
aglion (1) near the
wmth. The five gang-
as are interconnected

a ring (2) around the
wuth; and a nervous

re passes along on the
ver or ventral side

m each ganglion to
the end of each of the

NERVOUS SYSTEM OF A STARFISH.
(The rays are cutoff.)

7. Ganglions.

2. Connecting fibres, encircling
the mouth and establishing a com-
munication among the five gang-
lions.

3. Nervous fibres running along
lower surface tothe ends of the rays

several arms.

Mollusk life is char-
acterized by a strong de-
velopment of the vege-
tative functions. Mol-
lusks are mere bags

containing organs of digestion, respiration, circu-
lation, and generation. Ascidians (or pouch-creatures)
and Conchs (or shells) have no head whatever ; they
lead a mere vegetative life. Conchs are now regarded
as degenerated snails.  Snaiis are in possession of a
feebly developed head with eyes, tentacles, mouth,
jaws, and a tongue. The ventral part of the body,
the foot of the snail, is its sole organ of locomotion ;
it consists of a contractile layer of muscular fibres.
The highest developed mollusks are the Cephalopods,
or head-footed creatures, possessing a circle of organs
of locomotion (we may call them arms or feet) about
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their mouth. Such creatures are the cuttle-fish, or
Sepia, and the Nautilus.

The most characteristic feature of the nervous sys-
tem of Mollusks (as represented in the snail) is the
cesophagean ring, surrounding the gullet. There are
ganglionic knots at the upper and at the lower part of
the ring. The upper part is a primitive brain, receiv-
ing sensory fibres from the tentacles, etc., while the
lower part acts as the centre of the respiratory and lo-
comotive functions. The lower ganglion is often dif-
ferentiated into two distinct parts, and in that case the
cesophagean ring appears double; the anterior ring
connecting the brain with the pedal ganglion for loco-
motion, the posterior with the branchial ganglion for
respiration.

g 4 Jiy
B2 . .

G

NERVOUS SYSTEMS OF

A. Common Sandhopper. (7alitrus locusta.) Showing (on the right side)
two separate cerebral ganglia, each about the same size as the other ganglia
situated below it on the separate ventral chords. (After Grant.)

B. Cymothoa. (Fish-louse.) Cerebral ganglia (on the right side) almost
wholly absent from cesophagean ring.

C. Crab, (Palinurus vulgaris.) The cerebral ganglia (on the right side)
receiving the optic, tactile, and other nerves, are fused intoone. The cesoph-
agean ring elongated ; the ventral ganglion strongly developed.

\ A

The nervous system of Articulates consists of a
series of ganglions, situated below the intestinal canal
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and interconnected by a nervous fibre.
this series of ganglions the front segment or head pos-
sesses an cesophagean ring, similar to that of Mollusks,

bearing at its upper part the head-ganglion or primi-

In addition to

tive brain.
The single ganglions of Articulates, being situated

in the various separate segments, are endowed with an
extraordinary independence. They act not so much
in subordination to as in co-operation with the front
ganglion. For instance. If the head of a centipede

i

N
A
.

.....

-
comene.
PE A ce..

Y SR
WHITE ANT  (Termes).
(From Gegenbauer.
£$. Supra-cesophagean ganglion (brain).
&7, Infra-cesophagean ganglion.
£7., g2, £3. Thoracic ganglions (partly fused).
o. Optic nerves.

WATERBEETLE (Dyfiscus). FLY (Musca).
After Blanchard.)

.

be quickly cut off while the creature is in motion, the
legs will mechanically continue torun on until they are
brought to a stop by some interposed obstacle. The
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CATERPILLAR, CHRYSALIS, AND PERFECT INSECT OF HAWK-MOTH (SpAinx igustr?).

The first figure shows the full grown caterpillar.about two days before
changing to a chrysalis. It resembles much the nervous system of the Centipede.
The two cerebral ganglions are small, and the ganglions in the ventral cord
(1-10) are almost uniform. The nerves of the head (a4) are weakly, those of
the other fibres (c-») fairly, developed.

The middle figure represents the chrysalis of the same creature 30 days
after the change from a caterpillar. The abdominal chords are much short-
ened, some of its ganglia fuse. ‘

The third figure shows the perfected insect.

A, Cerebral ganglion.,

B. Optic ganglion. *

Note the increased size of the cerebral ganglion and of some parts of the
ventral cord; while some parts are concentrated or even suppressed.

O. Respiratory nerves.



90 THE SOUL OF MAN.

NERVOUS SYSTEM OF THE GREAT GREEN GRAS-
HoPPER. (After Newport.)

A. Cerebral ganglion.

B. Optic nerves.

D. Antennal nerves.

d. Motor nerves of mandible, from sub-ceso-
phagean ganglion.

e, Fibres connecting the sub-esophigean
with the first thoracic ganglion.

g. First thoracic ganglion.

%. Commissures connecting thoracic ganglia.

NERVOUS SYSTEM OFMEDICAL

LEECH. (After Owen.)

a Double supra-eso-
phagean ganglion con-
nected with :

b6 nerves ending in rudi-
mentary ocelli;

c infra- ®sophagean
ganglion, continuous with a
double ventral chord bear-
ing atintervalsdistinct com-
pound ganglia.
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NERVOUS SYSTEM OF AN OYSTER.
(Todd. After Garner.)
aa. Anterior ganglia; being
situated on each side of the
mouth,interconnected by a fibre

over-arching the mouth.

. Labial fibres.

2. Posterior or branchial
ganglion (double, for respira-
tion).

b6. Branchial nerves going to
the gills (g¢.)

cc. Commissures between lab-
jal and branchial ganglia.

NERVOUS SYSTEM OF THE COMMON
GARDEN SNAIL. (After Owen.)

/, Cerebral ganglion, situated
above the cesophagus, receiving
nerves from the tentacles.

a. Small tentacle withdrawn.

4. Large tentacle with eyes (ocelli).

¢. Large tentacle withdrawn.

d. Small tentacle.

/- Nerve fibre of large tentacle,

k. Nerve fibre of small tentacle.

/. Cerebral ganglion situated
above the ocesophagus, receiving
nerves from tentacles.

m. Sub-cesophagean ganglion, a
double mass, representing a pair of
pedal and a pair of branchial
ganglia.

LAY

NERVOUS SYSTEM OF THE COM-
MON SLUG.

(The naked common garden
snail; one of the nudi-
branch mollusks.)

A, A, Cerebral ganglia.
B, B. Branchial ganglia,
D. Pharyngeal ganglia,
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PEARLY NAUTILUS.
(After Owen. Reproduced from Fr. Leuret and P. Gratiolet.)

1. Cerebral ganglion.

2. Optic nerve.

3. Anterior sub-cesophagean gang-
lion.

4. Posterior sub-eesophagean gang-
lion.

5. Digital tentacles.

6. Nerves of external labial ten-
tacles.

7. Commissural fibres between 8
and 3.

8. Labial ganglion. N
9. Nerves of internal labial ten.
tacles.

10.
1I.
12

13.
14.
15.
16.

Olfactive nerves.
Infundibular nerves.
Lingual and maxillary nerve.
Motor nerves.

Visceral nerves.

Branchial nerves.

Visceral ganglions.
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ganglions of the various segments, it appears, have
not as yet received information respecting the loss of
their leader. Similarly, flies, after decapitation, will
fly about and execute all kinds of motions, like their -
uninjured companions.

"The Articulates (according to Haeckel) consist of
three classes: (1) Amnnellata, or ringed worms—for
instance, earth worms and leeches; (2) Crusfacea, or
crust-animals—for instance, crabs and lobsters; and
(3) Trachkeata, or wind-pipe animals, so called by
Haeckel because they breathe through small tubes.
The most important Tracheates are the myriapods, or
thousand-legs, the spiders, and the insects. The ner-
vous systems of the best known specimens of these
three classes may be studied in the prefixed diagrams.



THE CONNECTING LINK BETWEEN THE IN-
VERTEBRATES AND THE VERTEBRATES.

Proressor ErNsT H&£CKEL* in explaining the evolu-
tion of Vertebrates calls our attention to the import-
ance of Amphioxus lanceolatus, a little fish about
two inches long, shaped like a lancet, and living,
mostly hidden in the sand, in shallow places of the
Mediterranean, the Baltic, and the North Sea. Ithas
no head, no cranium, no brain. The front part is dis-
tinguishable from the hind part almost solely by the
presence of the mouth surrounded by a number of
cilia ; and yet the Lanceolate belongs to the aristocratic
class of Vertebrates: it possesses a spinal cord. The
Lanceolate, accordingly, is the last surviving represen-
tative of the lowliest family among the Vertebrates.

AMPHIOXUS LANCEOLATUS.

Pallas, the first discoverer of the Lanceolate, did
not at once recognize the importance of his find. He
considered itas a kind of imperfect snail. Yet the pre-
sence of a ckorda dorsalis, i. e. of a cartilaginous string
forming the axis of the skeleton, and the medulla spinalis

* Natiiriiche Schopfungsgeschichte, Chap. 24.
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(spinal cord), fix the relation of this little fish beyond
all doubt. Kowalewsky and Kupffer, moreover, have
proved, that to a certain degree the ontogeny of the
Lanceolate corresponds in all particulars on the one
hand with that of the lower Vertebrates and on the
other with that of the Ascidians. Thus we can con-
sider it as an established truth that the Lanceolate is
the connecting link between the Invertebrates and the

Vertebrates.
Leuckart and Pagenstecher discovered in the front

part of the spinal cord of the Amphioxus (see Miiller’s
Archiv, 1858, p. 561) a small vesicle, which represents
a primitive brain—if brain it can be called. However,
whether this vesicle represents the initial state of
all three bulbs that appear in a higher development.
(as W. Miller says), or whether it represents the
third bulb only (as Mihalkovics says), or whether it
corresponds (as Huxley says) to the thalamencephalon,
i. e., the second bulb, is still an unsettled question.
It is not improbable that the Amphioxus which we are
acquainted with, is a degenerated form of thatcreature
from which the higher vertebrates have developed.

In the adjoined plates Professor Hackel com-
pares the development of a mollusk, like the Ascidian
(A), with Amphioxuslanceolatus (B). Howsmallare the
differencesinthebeginning! Andyet they were destined
to keep the one creature in its humble condition of a
mere vegetative existence, while the other in the course
of further evolution was enabled to gain dominion
over the whole creation of the earth.
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EXPLANATION OF THE PRECEDING PLA1ES.

‘The skin of both creatures being transparent, their inner organization is
plainly visible.

The Dot in the front part of the Amphi is a rudi ary eye.

The Ascidian A 6is firmly attached to the soil by root-like processes (w),
as if it were a plant. The adult Amphioxus however moves about like a fish
Mouth.

. Porus abdominalis. .

. Chorda dorsalis (appears only in the Lanceolate.)

. Intestinal canal.

Ovary

. Ovarean duct
Spinal cord (medulla dorsalis.)

Heart.

i. Vermiform appendix.

k. Gills.

1. Cavity of the body.

m. Muscles,

n. Testicles (the Ascidian being hermaphroditic, the testicles combined
with the ovary).

o. Anus,

Sexual aperture.
Mature embryos of the Ascidian.
Dorsal fins.
Tail of the Lanceolate,
. Roots of the Ascidian.

}appem only in the Ascidian,

“rmme AP o

genaw

A. The egg of the Ascidian.
B. The egg of the Lanceolate.
. Protoplasma of the egg.

Y. Nucleus.

X. Nucleolus.

A2, B2, A3, B3, etc., the ive stages in the develop tof the eggs
After a repeated division, the germ forms a globule of many cells (called
Morula) the surface of which in one part sinks down so as to present almost
the shape of an india-rubber ball from which the air is removed. Thusa
gastrula is formed (A4, By).

dr. Primitive abdomen, |

d4. Primitive mouth.

d2. Entoderm, inner membrane or abdominal wall,
/. Cavity of the germ.

t. ectoderm, outside skin.

As. The Larva of the Ascidian.

Bjs. The Larva of the Amphioxus.

dr. The abdomen is closed.

d2. The dorsal part is concave.

d3. The ventral part is convex.

£7. The medullar cavity (in the Amphioxus the primitive spinal cord).

£2. The orifice of the medullar cavity, not as yet closed.

d. Chorda dorsalis, in the Amphioxus the axis of the primitive back-
bone. Inthe Larva of the Ascidian the chorda dorsalis forms a tail which is
thrown off during its metamorphosis. Those Ascidians which do not become
stationary, retain their tails.

N

-




NERVOUS SYSTEM OF THE VERTEBRATES.

THERE are several differences of radical importance
between Amphioxus lanceolatus and the higher Ver-
tebrates ; yet besides that of the absence of brain
and cranium in the former, there is no greater disparity
than in the arterial system of blood-circulation. The
Acrania (the Vertebrates without cranium, represented
Dy the Lanceolate) have no proper hearts ; their hearts
are mere arterial tubes, while the Craniata (the Ver-
tebrates with a cranium) are throughout endowed with
a regular heart, which, engine-like, drives the arterial
blood through the whole system. ‘

The nervous systems of all the Vertebrates are
greatly different from those of the Invertebrates. There
is no cesophagean ring encircling the gullet; and in-
stead of isolated ganglia, we have one continuous
column which is no longer below but far above the in-
testinal canal. This column is protected by bony
covers (the vertebra) which constitute a flexible yet
strong backbone. The foremost ganglia together with
their vertebral cases are transformed into brain and
cranium ; but the hemispheres and their bony cover,
the top of the head, are an additional growth, which
has developed out of the first vertebra. *

*Gegenbauer, Untersuchungen zur Vergleichenden Amatomie dev Wir

belthiere. Part. 111, das Kopfskelett der Selachier als Grundlage zur Beu rthei
lung der Genese des Kopfskeletts der Wirbelthiere. Leipzig: 1872,
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The most prominent divisions of the nervous sys-
tem in the Vertebrates, i. e., in Fishes, Reptiles, Birds,
and Mammals, are:

The Spinal Cord;

The Bulb (Medulla Oblongata);
The Small Brain (Cerebellum);
The Bridge (pons Varolit);
The Optic Lobes ; and

. The Thalami Opthl

(The Optic Lobes are of greater importance in the
lower Vertebrates; they are called in the physiology
of man the Four Hills (corpora quadrigemina). The
Thalamus remains entirely undeveloped in the lower
vertebrates. The Optic Lobes not showing in lower
vertebrates, as in man, Four Hills, but only two, are
sometimes called Corpora bigemina, or the Two Hills.)

" 4. The Striped Body (Corpus Striatum).

8. The Hemispheres, or brain proper (Cerebrum).

The following chapters will be devoted to the phy-
siology of these divisions in the brain of man.

As the most representative examples of the various
Vertebrates we select a number of diagrams of the
brains of fishes, amphibians, birds, and mammals.

G T
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BRAIN OF A PERCH. (Gegenbauer, after Cuvier.)

A. Cranial lobe with olfactory ganglion (/).
B. Optic lobe,
C. Cerebellum.
D. Medulla oblongata.
7, Olfactory nerve.
a. Nasal sac.
11, Optic nerve, severed.
III. Oculo-motor nerve.
7V, Trochlear nerve,
V. Trigeminal.
ViII. Auditory.
VIII. Vagus with its ganglion g.
kL. Branches of vagus.
m. Dorsal branch of trigeminus in connection with »,
7. Dorsal branch of vagus. .
afy. The three branches of the trigeminus /.
de. Facial nerve.

A. Branches of the vagus.
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BRAIN OF A PIKE AND OF A SHARK. (After Leuret and Gratiolet.)

tc. Cerebral tubercles (lobes).

Zo. Optic tubercles (lobes).

te. Ethmoid or olfactory tubercle.

tv. Vagus tubercle. The ganglion of the vagus nerve.

¢. Cerebellum.

N

Olfactory nerves.
0. Optic nerves.

. Pathetic nerve.

E N

. Oculo-motor nerve.
Abducent nerve.
Trifacial nerve.

Facial nerve.

~ N o~ B

Labyrinthic nerve.

. Vagus or branchial nerve.
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NERVOUS SYSTEM OF FROG, VENTRAL SIDE.

H. Hemispheres.

Lop. Optic Lobes.

M. Medulla.

Mr-Mro. Spinal
nerves.

S. Sympathetic
nerve.
Sr.-Sro. Ganglia of
the Sympathetic®
MS. Branches con-
necting spinal cord
and sympathetic.

No. Femoral nerve. .

Ni, Sciatic nerve,

I-X. Cranial nerves.

1, Olfactory.

ZI, Optic nerve with
(o) eye.

111, Oculo-motor.

IV, Trochlear.

V. Trigeminal.

VI. Abducent.

VII. and F. Facial.

VIII, Auditory.

IX. Glossopharyn-
geal.

X. Vagus.

Vg. Gasserian Gang-
lion (of fifth nerve).

V5. Connection of
Gasserian ganglion
with the Symp a-
thetic.

F. Facial nerve.

G. Ganglion of the
Vagus.

Xr-X4. Branches of
the Vagus.

(After Ecker.)

-

103
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BRAIN OF THE BOA CONSTRICTOR. (After Swan, reproduced from Bastian.)

A )

N

“

4.
5
6.
7

&

9.

Cerebral lobes.

. Optic lobes.

Cerebellum.

Membrane of the nose.

. Olfactory nerve.

. Optic nerve.’

Third nerve, i. e. main
oculo-motor,

Fourth nerve or troch-
lear to the superior
oblique muscle of the

eye.

. Fifth nerve.

Sixth nerve.

. Seventh nerve.

. Eighth nerve.

Auditory nerve.
’

‘ 1o, Glosso-pharyngeal

I2.

13.

CUCKOO.

(After Leuret and Gratiolet.)

nerve.

. Trunk of vagus nerve,

Twelfth nerve.
A sympathetic gang-

lion.

OWL,
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BRAINS OF EOCENE MAMMALS, (From Wiedersheim, after Marsh.)

A. Tillotherium fodiens.
B. Brontotherium ingens.
C. Coryphodon hamatus.
D. Dinoceras mirabile.
E. Ventral
F. Lateral
H. Hemispheres.
Note the enormous size of the skull in comparison with a relatively small
brain. The olfactory lobes are strongly developed.

% view of the brain of Dinoceras mirabile (from a cast).

PARROT, RAVEN.
(After Leuret and Gratiolet.)
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BRAIN OF A BEAR

BRAIN OF A GORILLA.

BRAIN OF A NAN.



THE DEVELOPMENT OF THE BRAIN.

The nervous system originates as a hollow tube
formed by a very thin film. At an early stage of its
development, the upper end (as seen in the adjoined
figure) bulges out into three continuous bulbs. The
first is to be the fore brain, the second the mid brain,
and the third the hind brain.

EARLY STAGE OF THE NERVOUS SYSTEM IN THE DIFFERENTIATION OF THE

EMBRYO. (From Wiedersheim.)

(BD.) Blastoderm.
(KS) Germinal
Disc.
KA) Wall of the
body.
(R.) Medullary §
cord. .

(G.) Brain.

In the further evolution of the embryo we observe
excrescences on each side of the fore brain. The pas-
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SAGITTAL SECTIONS REPRESENTING FIVE STAGES OF CEREBRAL DEVELOPMENT.

F. Fore brain. mo. Medulla oblongata.
7. Intermediate brain. P. Pons. Cb. Cerebellum.
M. Mid brain. CC‘Q Corpora Quadrigemina.
H. Hind brain. Crus Cerebri.
A, After brain. F. (in No. V) Fornix.
4. Hemis; heres. m. Foramen Monro.
4p. Hypo 3. Third ventricle.
2.£1. Pineal and or epiphysis. 4. Fourth ventricle.
#n/. Infundibulum. {. Lateral ventricle.
cs, Corpus striatum. s. Aquaductus Sylvii.

tk. Thalamus (represented by a dotted line, because growing oat from
the side walls it does not appear in a sagittal section).
In a further development » sinks down to m2, as mdxcated by the dotted
line », m2. Thus the corpus striatum is placed along the 1 and
the latter (¢k) is overarched by the Fornix (#).

FRONTAL SECTIONS REPRESENTING THREE STAGES OF THE FORE BRAIN.
(After Wernicke.)
a1, Cavity of primitive fore brain; (representing the third ventricle).
aa. Lateral ventricles. 7n/. Infundibulum.
/M. Foramen Monro. ¢st. Corpus striatum.
¢4, Thalamus,




BRAIN DEVELOPMENT. 109

sage to the mid brain is elongated and we call it the
intermediate brain. The hind brain shows a new di-
vision which makes it slope by degrees into the spinal
cord. This part is called the after brain.

The excrescences of the fore brain are to become
the hemispheres; they constitute the cerebral region
of the brain. The fore-brain will shrink so as to dis-
appear almost entirely. The intermediate brain will
develop the 7%alami. The mid brain the Four Hills.
The hind brain the Cerebe/lum and pons, while the
after brain will change into the Medulla Oblongata.

The cavities of the tube will
remain also, although much mo-
dified. The cavities in the hemi-
spheres are called the lateral ven-

-tricles. Through the growth of

the walls they become straight-

ened into three narrow caves

called the anterior, posterior, and

lateral horns. The cavity of the

original fore brain fuses with the

cavity of the intermediate brain

into the so-called ‘‘third ven-

tricle.” The passage from the

two lateral ventricles into the

third ventricle is very much re- 1.z susrvo or o MaMMAL OR
duced ; it has the shape of a 'Y, ®irp. (After Haeckel)

- - Primitive f in.
and is called Foramen Monro. /. Primitive eye, brain

The adjoined figures and dia- . Jjig pediate brain.

%. Hind brain.
.grams show the growth of the % Xindbrain

different parts of the brain from 7 Enelra: .

.. .. L t of medull
its simplest beginnings. ma Lower Bt of medulia
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Early stage, representing the

foetal brain of a chick.

(After Mihalkovics.)
pscr.
opt. Primitive eye.
msc, Mid brain.
epcr. Hind brain.
epc2. After brain.
spn. Spinal cord.
cor. Heart.

¢. Lamina terminalis,

Primitive fore brain.

THE SOUL OF MAN.

CORONAL SECTIONS. '

Later stage, representing in a diagram the
feetal brain of a mammal. (McAllister.)

H. Hemispheres (secondary forebrain),
representing the excrescences of the prim-
itive fore brain.

FB. Primitive forebrain.

Tk. Thalamic region or intermediate
brain.

MB ==cg. Mid brain = Corpora quadri-
gemina, .

HB=cb. Hind brain=Cerebellum.

AB. After brain=Medulla oblongata.

cs, Corpus striatum,

/. Lateral ventricles,

mm. Foramen Monro.

37 3. Third ventricle.

s. Aquaductus silvii.

4. Fourth Ventricle.

¢. Lamina terminalis.

The similarity of arrangement and the difference

of development in the various parts of the brain among

fishes, birds, reptiles, and mammals may be studied in

the following diagrams, reproduced from Edinger.
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SAGITTAL MEDIAN SECTIONS (After Edinger).

GENERAL PLAN OF VERTEBRATE BRAINS,

GYMNOTE.

—
TELEOST (OSSEOUS FISH).

AMPHIBIA,
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REPTILE.

BIRD.

MAMMAL.
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THE HUMAN BRAIN, FULLY DEVELOPED.



SPINAL CORD.

THE nervous system is built up of (1) nervous sub-
stance and (2) neuroglia. Nervous substance consists
either of ganglionic cells or of nerve-fibres, the latter

AN

TN,

&

NERVE CELLS FROM SPINAL CORD. (Afer Ranvier.)
A. and B. Ganglionic cells.
C. Neuroglia cells,
D. Axis cylinder.
2. Protoplasmic process.
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being processes rising out of ganglionic cells. Neu-
roglia, the nervous bindweb, is as it were the framework
which supports the nervous substance. The mem-
branes which envelop the ganglionic cells and the

Posterior Part.

. Cp

---Cc

tCaa

Anterior Part.

SPINAL corD. (Cross-section after Deiters,)
Ra. Radix anterior.
Rp. Radix posterior. N
Rip. Inner part of Radix posterior.
Cp. Commissura posterior (gray substance).
Caa. Commissura anterior.
Ce. Central canal.
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sheaths which encase the nerve-fibres and nerve-bun-
dles are neuroglia; and besides these comparatively
strong ligaments there are most delicate neuroglia-cells
which in outward appearance resemble heaps of burs
thickly crowded about the ganglionic cells and nerves,
and filling the spaces between them.

The spinal cord is a long tube of nervous substance
supported by neuroglia, having comparatively thick

Anterior Part.

———
Posterior part.

TRANSVERSE SECTION OF SPINAL CORD. (Reproduced from Charcot.
A‘. Columns of Tirck (direct pyramidal).

A. A. Crossed pyramidal tracts.

B. B. Posterior root zone (Burdach’s column).

C. C. Posterior horns,

D, D. Anterior horns.
E. Column of Goll.

F. F. Anterior root zone.

walls. Its cavity has almost disappeared. The gray
matter of the spinal cord appears when viewed in a
horizontal section to be arranged in the shape of two
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crescents theanterior and posterior horns. These parts
contain the ganglionic nerve-cells. The white matter
consists of fibres which stand in connection with the
gray matter of the horns. These fibres lead up to, and
arrive from, the different parts of the brain. - The
nerve bundles coming out of the spinal cord are called
radices or roots.

SPINAL CORD,

With anterior and posterior roots. (After Edinger.)

The nutrition of nervous substance takes place in
the direction of its functional activity. Accordingly,
if we cut a nerve, it will degenerate, in case it be mo-
tory, below, in case it be sensory, above the cut. With
the aid of this law, named after the English physiol-
ogist Waller, experiments have been made (especially
on dogs) with a view to tracing .the directions of the
different nerves. The results of the experiments were
then compared with and corroborated by pathological
observations.
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The posterior roots have by this method been proved
to be sensory. Peripherally they originate in the Pa-

cinian corpuscles which are embedded in the mucous

membrane of the skin. Shortly before entering the
spinal cord they pass through a ganglion, while the
anterior roots, or motory fibres, terminate directly in

their respective muscles.

THE MECHANISM OF THE PYRAMIDAL FIBRES

SEVERANCE OF SPINAL
corp (After Strimpell).

The spinal cord was
cut in C. In conse-
quence thereof we find
after the lapse of a few
weeks an ascending de-
generation of senso!
nerves (asseenin 4 an
B), and a descending
degeneration of motor
Eerves (asseenin Dand
=)

All further details are best studied by an inspection

of the adjoined diagrams.
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PYRAMIDAL BUNDLES AND FACIAL NERVE (Reproduced from Edinger).

The diagram shows how different situations of diseased po.rtions will pro-
duce different effects.

A tumor in the left capsule (4) will produce paralysis in the muscles of the
right portion of the body. A tumor in B will affect the facial nerve of the left
side and some of the muscles in the right extremities. A tumor in Cwill affect

part of the right facial nerve of the right pyramidal bundles.



120 THE SOUL OF AIA./V".
W
0

D

>

G\

T

capsula interna,

DIAGRAM OF THE PYRAMIDAL BUNDLE.
(Reproduced from Edinger.)
Showing the degeneration of the direct fibres
on the left, and of the indirect on the right

side, in consequence of a tumor in the left

/Tr The adjoined sections (After Erb) of the

spinal cord show the same process viewed

transversely in cervical, dorsal, and lumbar

parts. The topmost lies above the place of

CROSS-SECTION CF

decussation.
SPINAL CORD.

(After Erb.)
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DIAGRAMS REPRESENTING FLECHSIG'S INVESTIGATIONS,

Showirg the different bundles of nervous fibres in two cervical sections,
a pectoral, and a lumbar section of the spinal cord.

1. Anterior bundle of mixed nerves, paths to and from reflex centres in the
medulla oblongata.

2. Burdach’s bundles receive fibres from the posterior horns and lead
them through the corpus restiforme to the vermis of the cerebellum.

3and 4. Lateral bundles of mixed nerves being (like 1) paths for centres
of reflex motions in the medulla oblongata. 3 and 4 contain somz sensory
fibres, originating in the posterior horns.

5. Goll's bundle, ascending nerves, which can be traced to the gray nuclei
in the funiculus gracilis of the medulla oblongata.

6. Cerebellar fibres, pass through the corpus restiforme and connect the
posterior horns with the cerebellum.

7. Pyramidal bundles. Indirect or decussated tract,

7. 1. Direct p.yramidal bundles.

2. Anterior roots,
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Posterior Part.

Anterior Part.

TRANSVERSE SECTION OF THE SFINAL CoRD. (Reproduced from Edinger).

The diagram represents the course of various fibres: sensory nerves
(1, 2, 3, 4) entering the posterior horns; motory nerves passing out from the
anterior horns ; and commissural fibres, bringing certain gray centres into rela-
tion with one another.

The sensory cells are of globular, the motory cells of pyramidal form.
Imbedded in the posterior horns is Clark’s Column (columna vescicularis)
which can be traced from the lumbar region up to the cervical region and
reaches most probably into the medulla oblongata.

The mechanism of the sensory or posterior horns is apparently much more
complicated than that of the anterior or motory horns. Between the gray cells
and the marginal layer, (called by Lissauer zora terminalis,) thereis a gelat-
inous substance (substantia gelatinosa Kolandi). Moreover all the nervous
irritations transmitted through sensory fibres, have to pass through a net-work
(zona spongiosa) in which the connection between the processes of the gray
cells and their respective fibres ceases to be visible. The continuation of
fibres to their cells is solely inferred from processes of degeneration.




MEDULLA OBLONGATA.

TuE bulb or medulla oblongata, the continuation of
the spinal cord, is, as the seat of the most vital reflex
centres, of extraordinary importance. It is here that,
with two exceptions, the most important higher nerves
originate. These two exceptions are the First and
Second nerves. The First Nerve (the olfactory) stands
in close connection with the cerebrum or hemispheric
part of the brain; the Second or Optic Nerve with the
thalamus opticus and the optic lobes (corpora quadri-
gemina). All other nerves that are higher developed
and more differentiated than the spinal nerves, have
their roots in the medulla.

The following reflex centres are situated in the
medulla, viz.: those that effect—

(1) The closing of the eye-lids;

(2) Sneezing;

(3) Coughing;

(4) Sucking and chewing;

(5) Secretion of saliva;

(6) Swallowing;

(7) Vomiting ; and

(8) Contraction of the iris.

There is in addition to these reflex centres a super-
ordinated centre, which combines the different centres
among themselves so as to make complicated reflex
motions possible without interference of cerebral ac-
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BULB OR MEDULLA OBLONGATA. (Reproduced from Landois).
¢. Conarium or pineal gland.
#v. Pulvinar or cushion, i. e., lower part of thalamus opticus,
aand 2. Four hills (Corpora Quadrigemina). a. Anterior hill. p. Postericr
hill. .
b a. Brachium conjunctivum anticum, i. e., tracts of nerve-fibres leading
to the anterior hill,
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4 4. Brachium conjunctivam posticum, i. e., tracts of nerve-fibres lead-
ing to the posterior hill.
#c. Pedunculus Cerebri, nerve-tracts to the hemispheres.

There are three pairs of Peduncles on which the small brain hangs:

ad p. Ad pontem. Connection with the bridge.

ad m. Ad medullam oblongatam. Connection with the Medulla oblongata,
and further down with the spinal cord.

ad g. Ad corpora quadrigemina. Connection with the posterior hill.

Zc. Locus ceeruleus, bluish spot.

¢!, Clava, a club-shaped bundle.

/. c. Funiculus cuneiformis, being a part of anerve-bundle called * the
Rope '’ or corpus restiforme.

7. ¢. Funiculus gracilis, the continuation of the clava.

e £. Eminentia teres. A tubercle covering the nuclei s, 6, 7.

¢. Funiculus teres.

7 a. Nucleus accessorius,

0b. Obex. The bolt, crescent-shaped oblique fibres.

a c. Ala cinerea, a layer of gray substance of triangular shape. This
portion of the fourth ventricle is called calamws scriptorius from its fancied
resemblance to a pen.

The Roman numbers represent the nerves and the Arabian numbers their
respective nuclei in the deeper layers of the medulla, where the nerves
originate.

The first nerve is the olfactory. It enters the hemispheric part of the
brain through several roots.

The second nerve is the Optic nerve which stands in connection with the
thalamus opticus and the Four hills.

These two nerves do not appear in the adjoined figure.

3. Nucleus of the oculo-motor or third nerve is the main source of motor
innervation in the most important muscles of the eye. The nerve passes to
the front between the two crura; accordingly the nerve (//7) is not visible in
the adjoined cut. Other ocular nerves are the fourth and the sixth.

4. 7V, Trochlear nucleus and nerve. A motorynerve goingto the trochlea,
the hollow of the eye innervating the muscle which makes the eye roll.

5. V. Trigeminus nuclei and nerve. A nerve rising from two nuclei and
dividing into three branches, going to the face. It serves motory impulses as
well as for the reception of sensory impressions.

6. Abducens nucleus. The nerve, because passing out in front, like the
third nerve, is not visible in the cut. It is a motory nerve and innervates the
muscle that moves the eye toward the side.

7. VII. Facial nerve. A motor nerve for the muscles of the face.

8. VIII. Acusticus nucleus and nerve, the sensorynerve of hearing.

9. /X. Glossopharyngeal nucleus and nerve, a sensory nerve, receiving
mainly the impressions of taste.

10. X. Vagus nucleus and nerve, a mixed nerve of motor and sensory
fibres innervating the heart and the lungs.

11. X7. Accessory nucleus and nerve. A nerve, communicating with other
nerves, having mainly a motory character.

12. X7I. Hypoglossus nucleus and nerve. The motor nerve for the tongue,
being of special importance in man because it regulates the mechanism of
spesch.

.
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most important centres will always cause instantaneous
death.

The medulla oblongata possesses to some degree the .
faculty of adaptation to circumstances as has been
proved by the famous frog-experiment. A decapitated
frog in which the spinal cord and medulla oblongata are
preserved, all higher centres being severed, will scratch
itself with its right leg, if irritated on the right side of
its back. When the right leg is amputated, it will
after a few vain attempts with the stump, try to remove
the irritant by means of its left leg.

This experiment proves that the soul does not dwell
in one part of the nervous system alone ; but that every
part is endowed with soul-life. Every ganglion is a
seat of soul-life. The activity of every reflex centre
is no mere physiological phenomenon. The lowest
reflex centres of irritable substance possess the power
of adaptation to circumstances ; the medulla oblongata
being a higher, a superordinated and more complex
centre, possesses this in a greater degree than simple
ganglions. Yet there is one further step needed for
changing irritability into distinct and definite feeling.
This is created through the possibility of comparing
the present irritation with the memories of former irri-
tations—not only of the same kind, but of all kinds.
Such a possibility is established in the brain, whichis .
the codrdinative organ of soul-activity.

The brain is a storehouse of all kinds of memories.
All irritations received in the peripheral sense-organs
are, as it were (to use Meynert’s expression) projected
into the hemispheres. There they leave traces or ves-
tiges: every different impression leaves a vestige of its
own ; and these vestiges are living memories, pictures
of impressions, i. e., structures of a special form pro-
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duced through irritations of a special form. These
memories are so to say deposited in the brain and
represent the outside objects through contact with
which they have been produced. Being representative
of things or of natural phenomena they are symbols of
the surrounding world and make cognition possible.

The mechanism of the brain is so arranged that' all
the different memories are properly interconnected

thus making a comparison among them easily pos-
sible.



CEREBELLUM AND PONS.

THE Small Brain (or Cerebellum) together with the
Bridge (Pons Varolii) encircles the medulla oblongata
like a thick ring, being thickest at the posterior part.
The Pons overarches, bridge-like (hence its name),
the medulla in front. It receives in the nuclei of gray
substance embedded in its fibres, many nerves from
the pyramidal tracts and thus forms an intermediate
station between the cerebrum and the lower motory
mechanism.

Some of the nerves that originate here stand in
relation to the Pons. Thus, the fifth nerve (¢7igem:-
nus) breaks with its motory as well as sensory fibres
through the Pons ; and a disease in either arch of the
Pons always affects to a greater or less extent the sen-
sibility and motility of the opposite part of the body.

Between the two lobes of the Cerebellum there isa
narrow central portion which, because of its worm-like
appearance, is called zermis or worm. The upper
worm culminates in the monticulus (mountain), the
lower worm in the wvu/a (or grape).

The names as well as structures of the different
parts of the Small Brain and the relations of the Pons
may be studied in the adjoined diagrams.

*
% *

The functions of the different parts of the Cere-
bellum are little explored. We know however that
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irritations produce vertigo and rolling motions. Ani-
mals in which the Cerebellum is injured, show an un-
certainty in their movements similar to that observable
in a drunkard. The adjoined pictures (reproduced
from the Encyclopedia Britannica) show two pigeons;

PIGEON WHOSE CEREBELLUM IS REMOVED.

PIGEON WHOSE HEMISPHERES ARE REMOVED.

from the one the Small Brain and from the other the
Hemispheres have been removed. The former shows
all signs of intelligence : its motor apparatus are in all
their details uninjured ; yet the power of properly co-
ordinating the various motions is entirely gone. Thus
the pigeon lies helplessly sprawled on the ground.
The other pigeon stands firmly on its feet ; it flies if
thrown into the air ; it walks steadily if through some
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CEREBELLUM. DORSAL VIEW, (After Sappey.)

1. Bottom of Fourth Ventricle, the roof of which is formed by the cere-
bellum.
® 2. Striae acusticae, the roots of the auditory nerve. -

3. Left lower Peduncle, rising from the medulla, and overlapping in
its further progress the upper peduncle, as seen on the right side.

4. Clavae funiculi gracilis, the Clubs; the swellings of the clavae are
caused through nuclei imbedded in their fibres.

5. Upper Peduncles, connecting the cerebellum through the red nucleus
with the posterior hill, the thalamus, and most likely also with the hem!’s-
pheres.

6. Laqueus or fillet, a tract of nervous fibres, originating on the dorsal side
below the Four Hills. It passes slantingly to a lower part of the ventral side.
The fillet consists of fibres from the auditory nerve, the trigeminus and the
spinal cord, the latter part being motory. The others connect the activity of
their respective nerves with the thalamic region.

7. Brachia ad pontem, the thickest among the three pairs of bands which
pass into the cerebellum, It connects the Small Brain with the Bridge.

The dotted line at the top represents the corpora quadrigemina or Four
Hills.

The left and middle part of the cerebellum is cut off. The gray and white
substance in the inte:ior of the cerebellumn is so arranged as to produce the
figure of a tree, called a»bor vitae, the tree of life.
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PONS AND ITS RELATIONS.

The Roman numbers indicate the nerves in their order.
The fifth nerve (¢7igeminus) divides in the Gasserian ganglion (marked x)
into three sensory branches:
7. The ophthalmic branch ;
2. The supra-maxillary branch ;
3. The infra-maxillary branch ;
V m. Motory branch of the fifth nerve.
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C. Lobes of the cerebrum. Hemispheric region.

The gray layer between the roots into which the first (olfactory) nerve
divides is called substantia perforata (marked x x).

7% Thalamus opticus.

%. Hypophysis. Here the optic nerve decussates. Itsdecussation is called
chiasma, having the shape of a Greek Chi, y.

a. Corpora candicantia or mammillaria.

#. Corpus geniculatum interius.

e. Corpus geniculatum exterius, being the ganglions of the second, or optic
nerve. The optic nerve divides into two parts, the exterior stands in close
connection through the corpus geniculatum exterius with the thalamus and
passes into the anterior Hill of the corpora quadrigemina. The interior passes
into the posterior Hill.

¢ c. Tuber cinereum.

P. Peduncles of the brain or crura cerebri.

P. V., Pons Varolii.

2 a. Anterior pyramid of medulla. The decussation of the pyramidal
tracts below the pyramids is plainly visible.

o. Olivary body.

C. N. First cervical nerve.

¢. . Lateral column of spinal cord.

¢, @. Anterior column.

C. e. Lobus lunatus anterior of cerebellum.
C.¢'. Digastric lobe of cerebellum.

A. Flocculus or tuft, a small lobe of cerebellum.

CEREBELLUM. Superficial view from the dorsal side. (Edinger.)
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CEREBELLUM. Superficial view from the ventral side. (Edinger.)

DIAGRAMMATIC SECTION THROUGH BRIDGE AND SMALL BRAIN.
(Reproduced from Edinger.)

It represents the most important results obtained by Benedict Stilling
with regard to the paths of the various fibres in the cerebellum. The me-
dulla has been severed and pulled out of place in order to show the Bridge and
Small Brain at once. Thus the upper peduncles (érackia cerebelli anteriora)
appear in the wrong place. They must be conceived as belonging much lower.
They enter the cerebellum at the hole in the middle. (Compare for a cor-
rection of this displacement the other drawings of the cerebellum.) Little
additional knowledge upon this subject has been gained since Stilling.




THE THALAMIC REGION OF THE BRAIN.

THE upward continuations of the medulla are
called the Crura (singular crus), the legs of the
brain. They are the stems on which the Brain
stands. These Crura consist on each side of two
parts: the front part shows coarse longitudinal fibres
emerging from the upper margin of the Bridge, called
crusta (the crust) ; the hind part, covering the crusta,
is called tegmentum, (German Haube, cover). Between
both, on the upper surface of the crusta, where the
tegmentum covers it, is seen a dark portion, called
locus niger (the black spot).

The dorsal part of the tegmentum shows a narrow
tunnel called egquaductus Sylvii, which connects the
third and fourth ventricles. The upper roof of the
aquaduct is overarched by the two fillets, which here
decussate, and upon which the Four Hills rise.

Out of the tegmentum on each side a thick gang-
lion grows, called t4alamus opticus, the lower part of
which is the cushion or pgu/vinar. The Thalamus re-
ceives ascending fibres not only from the tegmentum
but also from other sources. Through the external
optic ganglion (corpus geniculatum exterius), it stands
in connection with the optic nerve; through the
taenia semicircularis with the olfactory ; and through
the fillet (Jagueus), with the auditory nerve.
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The anterior two of the Four Hills are in some
way related with vision as a sensory process; while
the posterior hills exercise a decided influence upon
the motory actions of the eyes. Animals in whom all
the parts down as far as the apparatus of the Four
Hills have been removed, exhibit not only all the usual
reflex motions against light (e. g., contraction of the
iris), but are also able to regulate other motions by
what they see. When trying to escape they avoid ob-

DIAGRAM SHOWING THE RELATIONS OF CEREBELLUM AND PONS TO THE
THALAMIC REGION, -

The stem of the brain (or crus cerebri) consists of the crusta which lies in
front, and the tegmentum which covers the crusta.

The optic nerve divides into two branches. The superior branch passes
into the corpus geniculatum exterius (the external optic ganglion) which stands
in connection with the thalamus—this part of the thalamus is called pulvinar
(cushion)—and passes into the Anterior Hill (4) of the corpora quadrigemina.
The lower branch passes through the corpus geniculatum interius into the
Posterior Hill ().

The fillet (lagueus) consists of three nerve bundles that connect the Four
Hills and perhaps also the thalamus with (1) motory fibres of the spinal cord,
(2) the trigeminus, and (3) the auditory nuclei. A decussation of the fibres of
the fillet takes place under the Four Hills.
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stacles placed in their way, they follow with their head
the motions of a light, etc. Thus it appears that the
Four Hills, independently of the higher brain-organs
(especially the Striped Body and the Hemispheres),
exercise some regulative influence upon ocular and
other muscular motions.

According to Dr. Luys’s hypothesis, the Thalamus
ought to be considered as a condenser of sensory im-
pressions, and the Striped Body (corpus striatum), a
condenser of motory impulses. This, however, agrees
neither with anatomical facts nor with pathological
and experimental observations. It is irreconcilable with
theresults of Meynert’s investigations. ¢“Neither can,”
says Wundt, ¢ the connection of all sensory tracts
with the Thalamus be proved, nor, on the other hand,
is its connection with motor tracts to be doubted.”
The fillet (lagueus, Germ. Schleife) consists of several
tracts among which there are motor nerves entering
in their peripheral course the spinal cord.

Prof. Schiff proved by experiment that if in an
animal one Thalamus is cut through, a disturbance
will be observed in the direction of the animal's walk
and in the position of its legs. Instead of walking on
in a straight line, it moves in a circle.  If the section is
made through the posterior third of the Thalamus, the
animal will turn towards the side of the non-injured half
of the brain ; if it be further in front, it will turn in the
opposite direction. The French call these strange dis-
turbances ¢ mouvements de manége,” because they are
like the epicyclical manceuvers of horses in circuses.

These motions are determined by an abnormal
position of the body, as can be observed even when
the animal is at rest. If the section is made through
the hind part of one Thalamus, the animal turnsits fore-
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feet round towards the side in which the injury has
been made, while neck and vertebral column are
turned in the opposite direction. ¢ An animal” (says

HORIZONTAL SECTION OF THE BRAIN, THROUGH THALAMUS AND CORPUS STRIATUM,
SLANTING DOWN ON BOTH SIDES FROM THE MEDIAN LINE. (After Edinger.)

The nucleus caudatus is on both sides cut in two places. The thicker
scction, joining the two parts seen in the cut, is its head, the smal er its tail.
The head borders in front on the descending part of the corpus callosum
(Lalken). 1Its tapering body stretches along the thalamus, so as to separate
the concave surface of the thalamus from the corona radiata.

The lenticular body consists of three stripes, the outer one being the shell
or putamen, the two inner ones the globus pallidus.

The lenticular body and nucleus caudatus constitute the Striped Body.

A bundle of radiating fibres, passing to the occipital lobe, are the paths of
the optic centre. The claustrum or Wall is a gray layer of unknown functions
situated underneath the insula.
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Wundt, from whom this account is taken) ¢ will nat-
urally move in the indicated abnormal direction, if it
gives the same quantity of innervation to the intended
movements as before, in a similar way as a ship will
be thrown out of a straight course by a turn of the
rudder.” 1If the anterior part of the Thalamus be in-
jured, the neck and feet take a position just in the
inverse direction ; hence the inverse movement.

The Thalamus, accordingly, is a reflex centre that
controls or influences certain motor nerves ; and we con-
sider it as the organ of co-ordination for the nervous
tracts of the tegmentum. Ananimal whose Hemispheres
and Striped Body are removed, is able to execute all
motions however complex; a fact which ought to be
impossible according to Dr. Luys’s theory.

Dr. Luys, it seems, was induced to propound this
hypothesis because lesions of the Thalamus, although
they cause disturbances, do not produce any paralysis.
This, however, will find a sufficient explanation, if we
consider that, in the extremely complex brain mechan-
ism, there are other channels which will send sensory
impressions to the hemispheres even if the co-ordinative
centre of the tegmentum and other sensory nerves be
excluded. An injury to the Thalamus may produce
disturbances, as in the experiments above described.
Yet these disturbances can and indeed they will be
corrected after some time if but the other tracts that
connect the hemispheres with the sensory organs re-
main uninjured ; and thus the symptoms will eventually
disappear. The rotatory motions (mouvements de ma-
nege) will cease to be noticeable within six weeks,
and this fact, it seems to me, corroborates our suppo-
sition that the Thalamus is an organ of co-ordination
inserted between the tracts of the tegmentum and
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the optic nerve on the one side and the hemispheres
on the other. Its function, however, can be per-
formed by the Hemispheres as well—perhaps with a
greater effort of conscious attention—and a patient,
suffering from a lesion in the Thalamus may become
accustomed to it.

This would explain why the pathological reports of
post mortem examinations in which a degeneration of
the Thalamus has been proved, throw little, if any,
light, upon the subject.

For special students of physiology, the following
passage, quoted from Dr. C. Wernicke (Lehrbuck der
Gehirnkrankheiten I, p. 191), may be of interest :

** In the case of a girl of fourteen years, a tuberculous subject, .
Meynert observed a pathological condition of the head, spinal
column, and upper extremities, lasting seven weeks, which he
thought analogous to the condition produced by Schiff’s section of
the posterior part of the left thalamus in animals. His diagnosis
was accordingly, degeneration of the left thalamus. The head and
spinal column were turned to the right, the head having also a
downward inclination, and there was a slight curvature of the
spine pointing to the right side; the right arm was flexed and the
left kept extended. If by manipulation the opposite movement
was executed, considerable resistance was experienced. After-
wards the left arm was also flexed but now offered little resistance
to extension. : :

‘*The posture of this girl, whose mind was previously affected,
seemed to rest on fixed ideas ; but it could be voluntarily given up,
upon the occasion of rare exercises of will power to which she
could be brought. Consequently there was no paralysis.

““The state of affairs experimentally produced by Schiff and
which he has attributed to paralysis, Meynert did not conceive as
such. For a rabbit prepared in this way was, as Schiff reports,
still able to wipe mustard from its nose, with the paw supposed to
be paralyzed. Moreover the same change of position took place
in animals also, the hemispheres of which Schiff had previously
removed. According to Schiff's own view such animals are not
capable of voluntary motion but only of reflex motions. Under
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- these circumstances, the paralysis of flexors or extensors could not
possibly make the antagonistic groups predominant. Consequently
some other explanation of this change of position was necessary,
and Meynert finds it in the supposition of an interruption of cer-
tain paths of muscular sensation. That such paths must be con-
tained in the thalamus, respectively in the Four Hills, is proved
by the experiments of Goltz. Frogs whose hemispheres are re-
moved, and in whom the mentioned ganglia are preserved show a
wonderful adaptation for restoring the disturbed equipoise, if the
place on which they sit is put out of its equilibrium. In frogs
whose hemispheres are intact, the thalamus must accordingly bea
centre of the muscular sensation in which this disturbance takes
place.

‘* A lesion of the thalamus as produced in the experiments of
Schiff, according to this conception, leads consciousness astray
concerning the position of the body. This girl had no muscular
sensation in certain muscular regions, and she tried to attain it,
through forced contraction of these very same muscles, the flexors
of the right, and the extensors of the left arm. In the left thala-
mus accordingly, the flexors must decussate, whilst the extensors
do not. The former would correspond to the roots of the tegmen-
tum, decussating in the thalamus through the posterior commis-
sure, the latter to the Zamine medullares, which do not decussate.
If the degeneration extends to the left side, the flexors of the left
arm are attacked also ; in that case the muscular sensation of both
extensors and flexors was missing. Hence the rigidity of the arm
was changed during the progress of the disease to a loose con-
dition of flexion easily overcome.

The Four Hills and the Thalami are the most im-
portant parts of the thalamic region, yet there are a
few more structures which deserve at least a passing
mention.

Between the Thalami and the Four Hills on the dor-
sal side appears a small body shaped like a pine-cone,
which is called epiphysis or pineal (i. e. pine-cone-
shaped) gland. This pineal gland (conarium, Germ.
Zirbel) is interesting not only because, being the only
part of the brain that appeared single, the philoso-

-
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pher Descartes considered it as the seat of the soul, but
also because later researches have proved it to be
a rudimentary eye.

The pineal gland is the larger, the lower an an-
imal ranks in the scale of evolution ; it corresponds in
certain amphibia to an aperture in the skull, and a
kind of lizard has been discovered in which under the
skin the rudimentary eye is still preserved.

This eye in the back part of the head must have
been very useful when our ancestors still lived in the
depths of the sea. Enemies who approached from
behind could be discovered before it was too late.
But when our ancestors changed their element and
lived on the shore, they had to expose their third eye
so much to the burning rays of the sun, that they kept
it shut for ever. And it became gradually a rudi-
mentary organ.

There is another body hanging on the ventral part
of the brain, called hypophysis or pituitary body. It
is a slimy mass of unknown functions. One thing
about it is certain, namely, that it does not belong to
the brain; it does not consist of nervous substance.
In some of the lower animals (viz., in the vertebrates
that are not mammals) it lies much lower and stands
in no connection with the brain whatever. According
to the investigations lately made by Flesch and Dosto-
jewsky, this body is similar in structure to some ex-
tremely active glands and thus it appears probable
that it is not a rudimentary organ like the pineal gland,
but still serves some physiological function.

The hollow space between the Thalami is called the
_ third ventricle, the walls of which are formed by
layers of gray substance. The ventricle at the bottom
assumes the shape of a small funnel, called infundi-
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bulum. The surrounding gray mass of the Infundi-
bulum is called from its ash-gray color tuber cinereum.

The infundibulum, according to Gaskell, mostlikely
represents the primitive terminal mouth of the ar-
chaic intestinal tube. In mammals the hypophysis is
coalesced with the zuber cinereum.

Behind the hypophysis on the ventral side, at the
base of the brain, exactly where the Crura of the brain
pass upwards, we find two white little elevations, one
on each side, called corpora candicantia, the shining
bodies, or corpora mammillaria, the breast-like bodies.
These white little mountains are ganglionic masses
covered with white layers. They contain several
ganglionic centres, receiving nerve bundles from dif-
ferent directions. These bundles are:

1. The bundle of Vic d’Azyr, connecting the in-
terior of the thalamus with the corpora candicantia.

2. The fibres of the tegmentum, coming from the
corpora quadrigemina and passing through the red
nucleus (nucleus rubder) in the subthalamic region.

3. Pedunculus corporis mammillaris, connecting
the medulla oblongata with the corpus mammillare.

The fibres of the fornix here rise upwards and
then turn backwards and extend behind the thala-
mus so as to form an overarching vault ; they connect
the thalamus with the hippocampus, i. e., the mar-
ginal convolution- of the hemispheres at the base of
the brain.

Another connection of the Thalamus with the sub-
thalamic region is the fasciculus retroflexus, also called
Meynert’s bundle, which connects a small ganglion,
the ganglion habenulae in the Thalamus with the gang-
lion interpedunculare. A decussation of this fascicle
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takes place shortly above the ganglion interpeduncu-
lare.

Fornge .

THE THALAMUS AND ITS RELATIONS, (After Edinger.)

The prefixed diagram explains the situation better
than words. Formerly it was believed that the bun-
dle of Vic d’Azyr was the beginning of the fornix de-
scending from the thalamus and rising again into the
corpus mammillare. Gudden’s experiments have dis-
proved this view and show that the bundle of Vic
d’Azyr does not descend but rises into the thalamus.

The region around the red nucleus being situated
underneath the thalamus is called the subthalamic
region. It is a province of the brain, which being the
meeting place of many intersecting tracts exhibits very
complicated conditions. It is a labyrinth of interla-
cing fibres, some rising out of the nucleus restiformis,
some out of the capsula interna, and some out of the
thalamus. They here and there gather into small
centres of gray substance, the import of which is but
little known.
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SAGITTAL SECTION OF THIRD AND FOURTH VENTRICLEs, (After Reichert)

7%. Thalamus opticus.

P. Pineal gland (conarium.)

Q. Corpora quadrigemina, or Four Hills,

sp. Habenae ¢onarii, the reins of the pineal gland. Thin nerve-fibres
originating in the thalamus and entering the pineal gland.

¢m. Commissura media; the middle or gray commissure, being the place
where the gray substance of the two thalami is connected.

c. a. Comissura anterior., The anterior commissure (seen here in a cross
section) consists of white fibres. Its anterior part is formed by crossing fibres
of the olfactory nerve. Its posterior part connects both temporal lobes of the
hemispheres.

¢p. Posterior commissure. Three distinct little bundles of white fibrer,
connecting both thalami.

/. ¢. Lamina cinerea, a band of grayish fibres.

17. Cross section of the optic nerve in the chiasma,

A. Corpus mammillare or corpus candicans. Its ganglionic nature is better
seen in Edinger's diagram, ** The Thalamus-and its Relations.”” ( 4. 7./0)

a s. Aquaductus Sylvii, the tunnel between V7 and Vy.

7, Inferior medullary velum, covering the lower part of the Fourth Ven-
tricle.

av. Arbor vitae, or the tree of life in the small brain.

sc. Folium cacuminis.

sv. Superior vermis; upper part of the worm,

1, 2, 3, 4, 5. 6. Lobes of cerebellum.

I71. Third nerve. Py. Pons Varolii.

VI. Sixth nerve. Cr. Crus cerebri,

/- Root of fornix, m. Medulla oblongata.

H, Hypophysis or pituitary body. g, Clava.

¢ ¢, Tuber cinereun. ' e. Medullary canal.

V3. Third ventricle, Pa. Pyramid.

V4. Fourth Ventricle. #. d. Pyramidal decussation‘

#, Infundibulum.



THE HEMISPHERIC REGION.

IN ascending above the Thalamus we rise into the
highest and most important province of the brain,
into the hemispheric region, consisting of the cortex
and the striped bodies or corpora striata.

If we pursue the course of the fibres of the crusta
upwards, we notice that on each side they break
through a thick oval body (the corpus striatum) and
then, above the corpus striatum they radiate fanlike,
and disperse in all directions. The narrow passage
through the striped body, filled with these thick
bundles of white fibres, is called the Capsula interna,
and their fanlike dispersion above the striped body is
called the corona radiata or crown. One smaller bun-
dle of nerve fibres passes round the striped body to
the frontal lobe of the brain, and this tract is called
capsula externa.

The corpus striatum is thus divided by the capsuia
interna into two parts, which after their shape are
called the lenticular and the tailed body—nucleus
lentiformis and nucleus caudatus. The lenticular body
appears in a lateral view, if looked at from the island
of Reil, like a slightly oval lense. It is situated out-
side the internal capsule. The tailed body shaped
like a big comma whose head lies in front and whose
tapering tail stretches backward and downward, lies
inside the internal capsule. The nucleus caudatus is
in its thicker frontal part continuous with the gray
matter of the hemispheres; it is also intimately con-
nected with the shell (or putamen) of the lenticular
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#n.c2, Middle part, and

#n.c3. Tail of nucleus caudatus.

x. Represents the place where the lentiform body lies buried under-
neath the protruding fibres.

C. C. Corpus Callosum, connecting the two hemispheres with each
other.

F. Fz2, F3. Fornix, or the Vault; thick bundles of white fibres, rising in
the marginal circumvolution of the temporal lobe (gyrus hippocampr), over-
arching the thalamus and descending to the corpora candicantia, underneath
the front part of the thalamus.

The lateral ventricle lies between the fornix, the tailed body which
forms its floor, and the corpus callosum which forms its roof. The right
lateral ventricle is separated from the left through a double-walled mem-
brane, called septum lucidum. Each lateral ventricle possesses three cavities
which are called its anterior, lateral, and posterior horns.

V. Lateral ventricle, posterior horn,

vz, The anterior horn of the lateral ventricle, between the corpus callo-
sum above and the front part of the fornix below.

2. The lateral or middle horn of the lateral ventricle, its floor being
the lower part of the fornix.

#. Insula Reil, being the deepest portion of the Fissure of Silvius.
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body, and it engirds in its tail-like elongation the
thalamus opticus from which it is distinctly separated
by a sharp groove (stria terminalis) in which runs a
small bundle of white fibres, Zenia semicircularis which
is the continuation of the olfactory nerve rising from

THE CORONAL CONNECTIONS OF THE THALAMUS WITH THE CORTEX,
(Diagrammatic. After Edinger.)

There are four groups of nerve-fibers: the anterior, posterior, superior,
and inferior stems. The last one is marked U. S. All these bundles pass
through the internal capsule.

NucLEUs caupartus. (After Edinger.)
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the olfactory ganglion. The nucleus caudatus forms
the floor of the posterior horn of the lateral ventricle,
and its tail ends in an eminence, called the amygdaloid
tubercle.

A great part of the coronal nerve fibres rise from
the thalamus. These nerves connect the thalamus
with almost all regions of the hemispheres; near the
thalamus they are gathered in bundles called the stems
of the thalamus.

For further information we refer to the adjoined
illustrations and diagrams, representing the brain, in
coronal, sagital, and horizontal sections.

Coronal sections are such as run parallel to the

A— —4
3| —-B
[ | 7 —c

CORONAL SECTION OF BRAIN, (After Edinger.)
AA, BB, CC Indicate the three horizontal sections on pp. 153, 154, 155/
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Cop

c.l. (‘?n M 1

A 4

Rp
SAGITAL, MEDIAN SECTION OF BRAIN.

F. M, Foramen Monro, the entrance from the third ventricle into the
lateral ventricle.

S. M. Sulcus Monro, a groove of the third ventricle in the thalamus.

S¢. Septum pellucidum, a membrane forming the inner wall of the
lateral ventricle. Each ventricle having its own septum pellucidum, there
are two septa directly facing each other. The space between them is
wrongly called the ventricle of the septum pellucidum. This space is, in
fact, no ventricle, but must be conceived asthe continuation of the fissure
between both frontal lobes. The continuity of this fissure with the ventricle
of the septum pellucidum has been interrupted by the growth of the corpus
callosum. The corpus callosum (the commissural fibres joining both hemis-
pheres) is little developed in lower mammals, it is strongly developed in the
monkey and is still more prominent in man.

Ccl. 7, Rostrum or Beak, lowest part of the corpus callosum.

Ccl. 2. Genu or Knee of corpus callosum,

Cel. 3. Upper surface of corpus callosum,

Ccl. 4. Splenium or Wedge; posterior part of corpus callosum.

Cba. Peduncles of corpus callosum,

Com. Commissura Media, connecting the two thalami. (Gray substance).

Coa, Commissura anterior, inter-connecting the temporal lobes,

Cop. Commissura posterior ; white fibres connecting both thalami.

Lct. Lamina cinerea terminalis; part of tuber cinereum, originally the
tgp gnq t()ermmus of the primitive brain (as explained in the development of
the brain).

/11, Optic nerve. Vg. Fourth ventricle.

Hr. Chiasma of optic nerve. A. Aquaductus Sylvii.

H. Hypophysis or pituitary body. Fta, Incisura pallii, sup. vale.
Tc.. Tuber cinereum, Ftp. Vallecula, posterior vale.
Cea. Corpus candicans. Lg. Four Hills,

. Pons, Cn. Conarium or pineal gland.
1o, Medulla oblongata. Cél. Cerebellum,
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coronal suture of the cranium. For instance a ver-
tical section through both ears is a coronal section.
Sagital sections are such as run parallel to the sagital
suture of the cranium. The sagital suture stands like
an arrow on the string of a bow at right angles upon
the coronal suture.

FIRST HORIZONTAL SECTION OF BRAIN. (After Henly.)

Indicated in the coronal section by an imaginary line to be drawn through
AA, and laying bare the corpus callosum (Germ. Balken).

L¢, Ligamentum tectum, Striae longitudinalis Lancisi.

Sim. Striaelongitudinalis mediales; white longitudinal fibres, interlacing
in several places, running along in the middle of the corpus callosum. The
mass of white substance between the cortex and corpus callosum is called
Centrum Semiovale.—Ccl, Corpus callosum,
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Cereqcium.
SECOND HORIZONTAL SECTION OF BRAIN. (After Edinger.)

Indicated in the coronal section by an imaginary line to be drawn through
BB, laying bare the thalamus and nucleus caudatus,

The occipital lobes in reality appear as close together as the frontal lobes,
so as to cover the cerebellum.

The Fornix rising in front from both thalami shows a cross-section in
F.Il. The fornix overarches the thalamus and descends to the marginal
convolution on the base of the brain, which is visible in .7 only. This con-
volution is called the Gyrus Hippocampi. The gyrus hippocampi passes
from the occipital lobe into the front lower part of the temporal lobe, where
it is cailed Gyrus Uncinatus or hooked circumvolution,
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THIRD HORIZONTAL SECTION OF BRAIN. (After Flechsig.)

Indicated in the coronal section by an imaginary line to be drawn

through CC.
7k, Thalamus.
Mc. Middle commissure,
/. Fornix.
s/, Septum lucidum,
sp. Splenium,
. C. Nucleus caudatus.

ak, Anterior horn of lateral

ventricle.

7. K. Internal capsule posterior
limb,

K. Knee of internal capsule.

E. K. External capsule between
lenticular body and claustrum.

Cls, Claustrum.

Ir. Insula.

o0, Operculum.
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FOR CUT SEE PRECEDING PAGE.

pk. Posterior horn of lateral ven- F. Frontal lobe.
tricle. . JZII. Third frontal circumvolu-
C’. Tail of nucleus caudatus. tion.
L. N. Lenticular body, 0. Occipital lobe.
7. K’. Internal capsule anterior 7. S. Temporo-sphenoidal lobe.
limb.

CROSS-SECTION THROUGH GYRUS HIppocAaMPI. (After Edinger.)

The gyrus hippocampi is accompanied by a smaller circumvolution. the
gyrus dentatus, (or fascia dentata) which is almost bare of all gray substance.
It produces by protrusion inside a ridge in the lateral ventricle, called Horn
of Ammon, or pes hippocampi major. The fornix rises from fibres origin-
ating in the gyrus dentatus, where it is called Fimbria.

All the marginal circumvolutions of the hemispheres; viz., the gyrus
fornicatus, which surrounds the corpus callosum, its continuation, the gyrus
hippocampi with the fascia dentata, and the cornu Ammonis, and also the
nerve-fibres of the striae Lancisi are strongly developed in animals in whom
the function of smell is prominent. In the feetal stage and in infants they
are comparatively large; in the adult man they are almost atrophied. In the
dolphin who has no olfactory bulb, they are found in a state of retrogression. .




THE CORTEX AND ITS RELATIONS.

THE end-stations of the innumerable fibres of the
corona radiata are the gray cells of the Cortex. These
gray cells form the ganglionic element of the hemi-
spheres. Inthe human brain they areassociated among
themselves' by many systems of commissural fibres,
which although extremely complex and numerous, are
yet very economically arranged. Almost every prov-
ince of the brain stands in direct relation with other
provinces.

The white fibres of the brain accordingly consist first
of ascending, and secondly of descending nerves, all of
which are gathered together in the capsules. A dissec-
tion of these bundles would therefore destroy the con-
nections of the Cortex with all the lower centres of the
nervous system. = Through these narrow passages all
sensory impressions rise into, and all voluntary motor
impulses descend from, the hemispheric region. But
besides the ascending and descending fibres, there is
a third class which we call commissural fibres, serving
the purpose of inter-communication among the cor-
tical cells, and establishing relations also between the
cortex and the hemispheric ganglions (nucleus cauda-
tus and nucleus lentiformis).

There are commissural fibres which interconnect
the two hemispheres. The most important tract of
these nerves forms a thick and broad body of a tough
structure, called corpus callosum (German Balken). A
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smaller tract of this kind is the anterior commissure.
Fibres of the anterior commissure inter-connect both
. temporal lobes, while the corpus callosum appears to
bring all other parts of the one hemisphere into rela-
tion with the corresponding parts of the other.

The most important bundles that associate the dif-
ferent provinces of the same hemisphere are the fasci-
culus arcuatus (arching bundle), the fasciculus unci-
natus (the hooked bundle), the fasciculus longitudina-
lis inferior (the lower longitudinal bundle) and the ¢z%-
gulum or girdle.

COMMISSURAL FIBRES OF THE HEMISPHERES. (After Edinger.)

According to experiments made by Charcot, a dis-
section of two-thirds of the front part of the internal
capsule produces paralysis, while a dissection of the
posterior limb, the third and hindmost part of the
capsula interna, is accompanied with anzsthesia.
This proves that the anterior fibres of the capsule are
mainly motor, and the posterior fibres sensory nerves.
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tl
b
t
idal tract is visible below t
oblongata.
The rays of the tegmentum (Haubenstraklung) rise from the tegmen-
tum (Haube).
There are two connections with the Pons (Briicke).

FIBRZ PROPRLE.
(After Edinger.)

Nerve fibres connecting ad-
jacent circumvolutions.

CORONAL SECTION THROUGH THE BRAIN,

Showing the connections between both He-
mispheres by the corpus callosum and the
commissura anterior. (After Edinger.)
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FIBRES OF THE HEMISPHERES.

Diagram of the connections between the Striped Body and the Cortex.

(After Huguenin, reproduced from Charcot.)

NC. Nucleus caudatus.

CO. Ttalamus opticus (French,
couche optique).

NL. Nucleus lentiformis, having
three segments.

AM, Claustrum (French, avant
mur).

CI. Capsula interna.

CE, Capsula externa.

PP. Crus cerebri

CA. Cornu Ammonis.

N/, Insula.

FL. Fibresof crus in connection
with nucleus lentiformis.

FN. Fibres of nucleus lentifor-
mis in connection with cortex.

FK. Fibresof nucleus caudatus in
connection with cortex.

FD. Direct fibres, establishing a
direct connection between cortex and
crus,

CC. Corpus callosum.
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STRONGLY MAGNIFIED SECTION

OF CORTICAL SUBSTANCE,

(After Edinger.)
(Taken from the frontal lobe
of a human brain.)

The most superficial layer
of gray cells (1) is covered
with a net-work of extremely
fine white fibres (tangential
fibres; ; the cells of the lower
strata are the larger, the
deeper they are situated.
Thesecond layer passes grad-
ually into the third, contain-
ing large pyramidal cells.
The fourth layer contains
smaller cells.

These four layers are inter-
sected by white fibres which,
enumerating them from be-
low, Edinger calls, @) radii
or medullar rays; &) inter-
radiary net-work ; ¢) Grenna-
ry’'s layer (called after Gren-
nary who described these
fibres); ) superradiary net-
work; and ¢) tangential fibres.

The right part is prepared
with Weigert's Haemotoxy-
line, the left part with Gol-
gi's sublimate, showing on
the left side the fibres and on
the right side the gray cells
only. There are many more
gray cells thaa appear in the
diagram. Theirnumber is
reduced in order to show
their relations more clearly.
The gray cells appear some-
what larger than they ought
to, because thesublimate
employed, according to Gol-
gi’s method, not only colors
the gray substance, but fills
the holl »w spaces round the

cells and their processes
also,

4
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The Cortex, or gray substance of the hemispheres,
is a very complex substance, which shows a great va-
riety in the different parts of the brain. It consists of
several layers of gray cells of different size embedded
into white fibres. The adjoined diagram represents a
strongly magnified section of the Cortex, taken from
the frontal lobe, and prepared with two different chemi-
cals. The left side makes the gray cells come out
strongly, while the white fibres disappear. In the
left side, on the contrary, the gray matter disappears,
while the white fibres come out so as to be plainly
visible.




LOCALIZATION OF BRAIN ACTIVITY.

I.
FISSURES AND CONVOLUTIONS.

It is commonly acknowledged that the hemispheres
are the seat of all psychic activity. This, however, is
true in a limited sense only. Properly speaking man
does not think with his brain alone; he thinks with
his entire body. Yet in the brain, especially in the
hemispheres and the hemispheric ganglions (nucleus
caudatus and nucleus lentiformis), his psychic activity
- isconcentrated. The co-operation of every part of the
organism is necessary to produce thought as the final
result at the centre of the organism’s activity.

Flourens proposed the theory, that the hemjspheres
performed their functions in a way such that the entire
cortex is always engaged in any kind of mental work
performed. If part of the cortical substance be lost,
Flourens maintains that all the functions will be pro-
portionately affected.

Goltz adopted Flourens’s view to the extent of hold-
ing, that in case of a loss of cortical matter some homol-
ogous substance would perform the functions of the por-
tion lost. The vicarious activity of brain-substance ap-
pears to be a well-established fact, although it does not
take place to such an extent and in such a way as Flou-
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rens supposed. ‘‘The different parts of the hemispheres
are,” as Prof. Hering says, ¢‘like a great toolbox with
innumerable kinds of tools. Each single cerebral
element is a particular tool. Consciousness may be
likened to a workingman whose tools gradually become
so numerous, so various, and so specialized that he
has for every detail of his work a tool which is spe-
cially adapted to perform just this kind of work very
easily and accurately. If he loses one of his tools,
he still possesses a thousand other tools to do the
same work although with more difficulty and loss of
time. Should he lose these thousand also, he might
retain hundreds, with which he can possibly do his
work still, but the difficulty increases. He must have
lost a very large number of his tools if certain actions
become absolutely impossible.”

*
* *

Gall was the first to propound a localization of the
different psychic functions. He started from the sup-
position that the skull being the case of the brain ought
to show its formation, and he founded upon this sup-
position his phrenology. The skull shows indeed the
. formation of the brain, but it shows its outward shape
only; and even that imperfectly, because different
craniums vary very materially in thickness. Yet in
judging about the formation of the brain, the internal
structures are of much greater importance. Gall's
phrenology, being in fact a kind of cranioscopy, is now
entirely abandoned.

It is strange that most of the meritorious discov-
eries of this great scientist are little known outside of a
narrow circle of specialists, while the error of his
phrenology has become a favorite idea among half-
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scientific people and has made his name extremely
popular.

Gall’s idea of a localization of the different func-
tions of the hemispheres has been revived in later
years, yet upon another basis and in an entirely new
shape. The modern conception of localized brain-
functions is based upon experiments and affords at the
same time a more precise and definite idea of the
modus operandi of the brain.

PHRENOLOGY, (After Gall.)

I. . Sexual instinct. XV. Language.*

II.  Love of children. XVI. Painting (sense of colors).
III. Friendship. XVII. Music.

IV. Self-preservation. XVIII. Numbers and arithmetic*
V. Homicidal impulses. XIX. Mechanical abilities.
VI. Smartness. XX. Comparison.

VII. Acquisitiveness. XXI. Profoundness.

VIII. Ambition. XXII. Wit

IX. Vanity. XXIII. Poetry.

X. Circumspection. XXIV. Goodnaturedness.

XI. Memory for objects. XXV. Imitation.*

XII. Sense of locality. XXVI. Religion,

XIII. Memory for persons.* XXVII Enthusiasm

XIV. Memory for words.* * Do not appear in the cut.

The outward surface of the cortex looks like a
a tract of land in which many rivers and brooks have
produced furrows. The furrows are called swlci or
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fissures, and the ridges between them are called
convolutions. The fissures are produced to effect an
economy of space ; in so far as by their presence the
area of cortical substance is greatly increased without
any considerable increase of the size of the head ; and
it has been observed that the higher the intelligence
of an animal is, the richer is its brain in convolu-
tions.

The immediate cause of the fissures are the arteries.
The cortical substance is in greater need of arterial
blood than any other part of the body. The more
work an animal has to do with its brain, the more
blood is needed in the cortex. Thus the arteries sur- .
rounding the superficial structures of the hemispheres
become stronger and sink deeper, and the fissures are
produced as if to form a natural system of irriga-
tions. The fissures are, as Seitz calls them, nutrimen-
tral channels,* Nairschlitze.

The names of the different parts of the hemi-
spheres, their lobes, convolutions, and fissures may
be studied in the adjoined diagrams. The most im-
portant fissures are the fissure of Rolando or sw/cus
centralis, which is the province of the motor centres,
and the fissure of Sylvius, which, together with the
adjoining part of the third frontal convolution in the
left hemisphere, is the centre of speech.

The attempts at localizing the different functions of
the cortex have been but partly successful. The most
prominent workers in this line of investigation are
Fritsch and Hitzig, Ferrier, Exner, Goltz, Munck,
and others. The results are shown in the diagrams
of the following chapter on pp. 170 and 171.

* Johannes Seitz: Ueber die Bedeutung der Hirmfurchung. Leipzig and
Wien, 1887.
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THE LEFT HEMISPHERE. (After Henle.)

The fissure of Silvius is drawn aside so asto show the extent of the In-
sula. The insula contains one long and two short convolutions, called
gyrus longus and gyri breves. The cortical substance which covers the insula
1n @ 1s called operculum.

In. Insula.

Sc. Sulcus centralis, or fissure of Rolando.

Gea. Gyrus centralis anterior.

Gep. Gyrus centralis posterior.

SIDE VIEW OF THE BRAIN. (After Ecker.)
The convolutions and lobes are in Roman letters, the fissures in Italics.
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II.

MOTORY AND SENSORY CENTRES.

THE most important motory regions of the human
brainare,accordingtoall authorities on the subject, situ-
ated around the fissure of Rolando. There isless agree-
ment concerning the sensory centres. The optic cen-
tre is situated, according to Meynert, Munk, and Hu-
guenin, in the first, second, and third occipital lobes ;
according to Exner, in the first and second only, and
in the upper part of the cuneus.

The acoustic centre lies in the temporal lobes. Ir-
ritations of these centres cause hallucinations of hear-
ing. In post mortem examinations Huguenin found
the temporal lobes of deaf patients in an atrophied
condition.

The centres of taste and smell are, according to
Ferrier, supposed to be situated in the wncus gyri for-
nicati.

The tactile centres, according to Trippier, Exner,
Petrina and others, must be sought for in the regions
of their respective motory centres.

The frontal lobe does not contain either motory or
sensory centres. It seems to be in the service of more
abstract kinds of mental activity, and is most likely
also the seat of affectionate and emotional centres.
Defects of this part, be they acquired or inherited, are
as a rule accompanied’ with idiocy or lack of intelli-
gence. Monkeys in whom the frontal lobes were re-
moved, showed no irregularities in the exercise of
their motory and sensory functions ; yet they appeared
more whimsical and less affectionate than before.
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4. Retraction and adduction of opposite fore-limb.

5. Extension forward of opposite arm and hand, as if to reach or touch
something in front. ’

a, b, ¢, d. Successive complex movements of fingers and wrist, ending in
clinching of fist. .

6. Supination and flexion of forearm, by which the hand is raised toward
the mouth,

7. Action of the zygomatic muscle by which the angle of the mouth is re-
wracted and elevated.

8. Elevation of the ala of nose and the upper lip, with depression of lower
lip so as to expose the canine teeth on the opposite side.

9. Opening of mouth with protrusion of tongue.

10. Opening of mouth with retraction of tongue.

11. Retraction of angle of mouth.

12. Eyes opening widely, pupils dilating, head and eyes turning toward
opposite side.

13, 13°. Eyeballs moving to opposite side, pupils generally contracting.

14. Sudden retraction of opposite ear.

15. Torsion of lip and nostril on the same side. This place is sitcated in
the subiculum of Cornu Ammonis. ' .
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DOG'S BRAIN. (After Munk.)
A-¥. Indicates Sensory Centres.  C. Hindlegs. G. Ears,
A. Vision. D. Forelegs. #H. Neck.
B. Hearing. £E. Head. ¥. Trunk.
C-¥. Touch of. F. Eyes.
a-f. Indicate motory centres. d. Muscles of Hindleg.
a. Neck. e. Focialis.
a’. Back. [Foreleg.  ¢’. Upper region of Facialis.
4. Extensors and Adductors of /. Muscles of the eye.

¢. Flexors and Bronators of Foreleg. g. Muscles of chewing.

MONKEY'S BRAIN. (After Munk.)
Explanation the same as in the preceding cut



172 THE SOUL OF MAN.

* ITI.
LOSS OF BRAIN SUBSTANCE.

IT is strange that a man may lose large portions of
the cortical substance of his brain, without showing
any apparent lgss of faculty. If the motor centres are
injured, the effect will always be an impairment
of the voluntary motions of the opposite side; yet
the loss of sensory or other centres in one hemisphere
will not be noticeable so long as the other hemisphere
remains sound—except that such half brained persons
will tire more quickly than normal people. We may
explain this strange fact by comparing it to the condi-
tion of a man who has lost one eye. If the loss of the
eye were not noticeable (perhaps because the man
wears an excellently imitated artificial eye), it would
by our ordinary methods of observation be very diffi-
cult to detect the loss.

The following facts from which this rule is de-
duced, are collected in Hermann’s ¢¢Physiologie,"’
Vol II, 2. p. 333

** Berenger de Carpi tells of a young man into whose brain a
body four finger-breadths in width and as many in length had
been driven so deep that it lay concealed by the matter of the
brain. When it was removed a certain amount of cerebral sub-
stance was lost, and thirteen days afterwards a second discharge
occurred spontaneously. The man recovered, showed no diseased
symptoms, lived for a long time afterwards, and attained high dis-
tinction in the Church.

*“Longet knew a general who through a wound in the skull

near the crown of the head had suffered a considerable loss of
brain-substance. This defect permanently manifested itself by a
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depression in the part of the skull affected. The general preserved
his activity of mind ; his correct judgment in professional matters
exhibited no traces of disease ; only he was wont to tire quickly
when engaged in intellectual work.

‘“Quesnay tells of an old servant whose right parietal bone
was crushed. Every day cerebral matter oozed from the wound,
and was removed. On the eighteenth day the patient fell out of
bed, which resulted in further considerable losses of brain-sub-
stance. On the thirty-fifth day he got drunk ; a fresh emission of
cerebral matter occurred, which was caused by the patient’s tearing
away in his intoxication the bandage about the wcund. On the
day following it could be seen that the defect reached almost to
the corpus callosum. The patient got well ; his psychical functions
were restored to their complete activity ; but he remained para-
lyzed on his left side.

**During the blasting of a rock, a crow-bar three feet and
seven inches long and one and a quarter inches thick struck a
young man, and penetrating the head in the neighborhood of the
joint of the left jaw, passed through the skull and came out on the
same side in the region of the forehead, having thus run through
the hemisphere of the brain. The man got well, lived twelve and
a half years afterwards, and apart from the blindness caused by
the injury to the eye he showed no indications of abnormality, ex-
cept certain fits of peevishness, caprice, and obstinacy.

** A whole hemisphere may be removed, without injury to the
psychical functions. But in that case disturbances of the motory
functions on the opposite side appear regularly to set in.

** A psychically normal individual that—as it happened—was
paralyzed since his birth on the right side, died of phthisis. Upon
dissection the place of the right hemisphere was found to be filled
with some kind of serous fluid.”

1v.
THE CENTRE OF LANGUAGE.

There is a region in the cortex, a lesion of which
produces almost without any exception disturbances
and even loss of speech. It is accordingly called the



174 THE SOUL OF MAN.

Centre of Language. This region is situated in the
island of Reil at the bottom of the fissure of Sylvius
and extends over the parts adjacent to the island, es-
pecially the third frontal convolution.

The centre of language is unilateral and must be
sought as a rule in the left hemisphere. However
there are some exceptions. We have reason to believe
that left-handed people are right-brained speakers.
Left-handed people who had lost the power of speech
were found to have suffered injuries in the right hem-
isphere, but whenever their left hemisphere hap-
pened to be affected they had not lost the power of
speech.

Loss of language, or aphasia, may have various
causes,and willaccordingly present different symptoms.
It need not at all be due to a derangement of mental
powers but may be a loss merely of the motor capacity
of speech. In that case it is more properly called
paralysis of speech. The patient may still be able to
write what he means. Yet the ability to- write may
be lost also; this disease is called agraphia. Agraphia
is not a paralysis of the hand ; it is a paralysis of the
memories of penmanship. The hand may be able
to perform all the single motions necessary for
writing, but the patient has lost the power of co-
ordinating these movements so as to write words;
he is like an uneducated man who has not learned
how to write. In that case the patient may be able
to communicate through gestures or pantomime.
Should the power of making gestures be lost also, the
patient may nevertheless know everything he wants
and may possess full clearness of his mind ; he may
think of the words even which he intends to use (as
we know from patients who have recovered from such
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diseases), yet he is not able to communicate his
thoughts.

Quite different from these forms of a paralysis of
speech is the amnestic aphasia which is caused by an
obliteration of the word-memories themselves. In that
case, the patient can perhaps read and repeat, he can
pronounce every word correctly, he can also write
from dictation. The different motor centres are un-
impaired, yet the words, or certain categories, are no
longer at the patient’s disposal. They are- as if for-
gotten, blotted outof his memory, and wrapped in ob-
livion. Amnestic aphasia usually shows in post mortem
examinations a destruction of the first frontal con-
volution on the left side where it is in relation with
the island of Reil.

As a special form of amnestic aphasia we may con-
sider the state in which ideas are not associated with
their words. The ideas as well as the words are still
extant, yet their connection is destroyed, the fibres of
association are interrupted.

We quote from Hermann’s ¢ Physiologie ” Profes-
sor Exner’s report of the present state of investigation
concerning the cortical centre of speech. Professor
Exner says:

«If a man gives an appropriate answer to a ques-
tion, the following things must, it is evident, take
place within him :

(1) He must hear the words spoken ;

(2) These words must awaken in him the ideas that
belong to them ;

(3) From the mental operation conducted with the
help of these ideas, a resultant product must issue ;

(4) This product must be clothed in words ;
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(5) Thecentral innervations necessary to the utter-
ance of these words must be brought about; and finally

(6) These innervations must arrive at the proper
muscles in their proper order and intensity.

¢« If the first requisite is not fulfilled, we are dealing
with a deaf person; if the last is not fulfilled, most
probably with a patient suffering from some affection
in the ¢7us ; if the mental operation mentioned under
(3) is not accomplished, it is a case of dementia ; all
other interruptions or disturbances of the above-men-
tioned processes, viz. (2), (4), and (5), lead to aphasia.

¢¢Cases of diseases occur that are only to be inter-
preted upon the supposition that the power of com-
prehension of words mentioned under (2) has been
lost. We have here to do with patients that are very
well able to speak words but do not understand them,
though their hearing be good. An example will illus-
trate this:*

‘“*A woman 25 years of age, ten days after parturition, while
violently straining to relieve her bowels, suddenly became uncon-
scious. When consciousness returned she exhibited no symptoms
of paralysis, but was suffering from aphasia and paraphasia.}

¢t * It was with difficulty, or not at all, that she found words to
speak with ; she confounded or mutilated them, said ** Butter " in-
stead of ‘‘Doctor,” omitted wordsand syllables, supplied others, used
the infinitive for the determinate moods, and conjugated irregular
verbs regularly. Not understanding a single word at first, she was
taken to be deaf. It soon turned out however that she heard a
knock at the door and even the ticking of a watch as distinctly as
ever before ; she distinguished the bells of two different apart-
ments of the house by their sound, etc., etc.’

*This case is from Schmidt (Allgemeine Zeitschrift fiir Psychiatrie,
XXVII, p. 304, 1871); cited from Kussmaul's Storumgen der Spruche, p. 176,
Leipzig, 1877—a work to be recommended to all who are interested in the
present state of knowledge upon this subject.

t This word denotes a disturbance of speech in which, instead of the
words that fit the sense, other, improper words, or wholly meaningless com-
binations of words, are employed. .
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¢ In cases of aphasia like this, the patient stands
in a relation somewhat like that in which we would
conceive an intelligent animal to stand that hears well
enough the language of the people about him, but
does not understand it. The patient cannot properly
be compared to a well person that hears a foreign
language, since the latter when the name of an object
is told him retains the same ; but not so a person suf-
fering from aphasia. As Kussmaul pointed out, these
forms of aphasia prove that the locality of the brain
with which the sensation of the sounds of single
" vowels and consonants is connected, is a different one
from that in which an acoustical word-image is appre-
hended as the symbol of a concept.”

¢ No case has come to my knowledge,” Professor
Exner continues, ‘“‘in which this ¢word-deafness’
has not also been combined with ¢word-blindness’;
that is to say, if a patient has lost the power to
associate the words he has heard with their proper
ideas, he is also unable to do this with written words,
although he may be able to see as well as a person in
the normal condition.* In this, and in many another
connection, the case of Lordat has acquired much
interest and celebrity. Lordat, who was himself pro-
fessor of medicine, suffered several months from apha-
sia, and afterwards explained in detail the condition
in which he’ found himself during this period of ill-
ness.

¢¢ In the same way that the understanding for spoken
and written words can be lost, so can the power of
comprehension of figures. An accountant was able -

*Yet cases are known, as mentioned above, in which a paralysis of speech
is not connected with a paralysis of writing or making oneself understood by
signs. For an instance of aphasia not accompanied by agraphia see infra
the case of the young clerk. (p. 179).
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to read the number 766 figure for figure, but did not
know what it meant that the figure 7 stood before the -
two 6’s. So the understanding of written musical
notes can be lost, although the patient be still able to
play well by ear.

* * *

“In a second form of aphasia it is impossible for
the patient to clothe the results of his thoughts in words .
[mentioned above under (4)], whether it be to utter
the same or to put them in writing. In most cases
of this kind the word is simply forgotten. If it
be told the patient, he can repeat it and even write it,
but immediately forgets it again. By reason of the
last circumstance this form of aphasia is easily dis-
tinguishable from that first mentioned.

. ¢It is striking that at times only single words or only
nouns, very frequently names, disappear from the
memory and are not again to be acquired. It also
comes to pass that only parts of words are forgotten.

¢« Thus, Graves tells of a case, where a man, six-
ty-five years of age, after an apoplectic fit forgot all the
proper names and substantives he knew but still re-
collected their initial letters. He accordingly compiled

. an alphabetically arranged dictionary of the substan-
tives necessary for purposes of ordinary intercourse,
and whenever in conversation an object occurred to
him that he wanted to speak about he looked it up in his
dictionary. If he wanted to say Cow for instance, he
looked up his word under C. So long as he saw the
printed name with his eye he could speak it, a moment
afterwards he would be unable to do so.

¢¢ The extent to which the impairment may be modi-
fied and limited in the field of language, appears from
a case of Lastgue, who came across a musician who was
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totally aphasic and agraphic, but could take down in
notes a tune that he had heard.

¢ A third form of aphasia is characterized by the
circumstance that the patient is able to clothe his
thoughts in words but is not able to bring about the
central innervations necessary to the utterance of the
same [referred to above as process (5)]. That the pa-
tients execute mental operations and also clothe the
results of the same in words, appears with certainty
from the fact that they are able to write them down.
On the other hand they are also unable to repeat words
spoken to them, and in their efforts to do this they
show that the different parts of the mouth are able to
execute voluntary ‘movements—they distort their
mouth and twist the tongue about, but produce only
inarticulate sounds.

¢« * A vigorous young clerk in an attack of unconsciousness had
lost completely the power of speech ; no other pathological symp-
toms appearing. He executed with facility all movements of
tongue and lips. As his duties were such that they could be at-
tended to with the pen, he kept his position. He gave his phy-
sician a carefully prepared account of his affliction.’

¢¢ With these patients it is not a question of inabil-
ity to find the innervations for certain letters as such,
but the difficulty is with the words, which they are
powerless to form. That this is true will appear from
the fact that many patients with whom a remnant of
speech has still remained (and who, therefore, are still
able to utter single words, or it may be mutilated
words), although they have the power to speak a word
yet cannot speak that word when a syllable has been
left out or the order of the syllables changed, nor enun-
ciate a syllable when the order of the letters has been
changed ; for instance, if a patient can pronounce only
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the syllable zan, he is in that case unable to say
nat. Secondly, this will appear from the fact, that a
patient who has command of a few words will be able
to pronounce a certain letter in one word and not in
another.

¢« The following case of a patient Le Long—taken
from Broca—will serve as an illustration of the con-
dition last described as well as of cases of incomplete
aphasia. ‘Le Long had command of only fire words,
which he would add by way of supplement to the ex-
pressive gestures he usually employed ; they were ou7,
non, tois (for trois), toujours, and Le Lo (for Le Long)
—three complete words, accordingly, and two muti-
lated ones. With his ox7 he expressed affirmation, with
non negation ; with foss he expressed numerical con-
cepts of all degrees, being able to indicate by a dex-
terous employment of his fingers the number he had
in mind ; with Ze Lo he denoted himself ; Zoujours he
used when he was unable to express his thoughts by
the aid of the other words he commanded. Le Long
pronounced the 7 in Zowjours correctly, but omitted it
in Zrois, as children do that have not yet overcome the
difficulty of uniting the » with the preceding 7; he
had lost beyond recall this knack of articulation. The
nasal sound that he articulated in 707 he could not
give to the last letters of his own name.’

¢¢It is also a remarkable phenomenon, that patients
who ordinarily have command of only a few words,
in moments of excitement bring out and perfectly
articulate more, and sometimes even ejaculate a very
long oath. Jackson reports, that aphasic patients who
are unable to answer ‘No’ to ordinary questions,
suddenly find the power of utterance of this negation
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when aroused to it by ridiculous questions—as ¢if they
are a hundred years old.’

* *

¢The processes that we have spoken of up to this
point, the disturbances of which lead to aphasia proper,
take place in the cortex. If the conduction towards
the muscles of the innervations properly induced in
the cortex is impaired, the power of speech is also
naturally affected; the language of the patient be-
comes forced, letters are omitted, the patient stut-
ters, lisps, and at last becomes completely unintellig-
ible ; yet this is not a case of aphasia. [This is
paralysis of speech.] These disturbances of the paths
of conduction may be effected in the medullary matter
of the cerebral hemispheres ; most frequently, how-
ever, they must be sought in the nerve-nuclei of the
medulla oblongata, especially in the nucleus of the
hypoglossus as well as in that of the facialis accessorius .
and of the vago-accessorius.

¢¢As regards now the localization of the functions
of speech in the cortex, this is a question that has
been so frequently discussed during the past few
decades, that it is impossible in this place to give a
complete presentation of the views and arguments
that have been held and propounded for and against
the same. We must confine ourselves to a review of
the results that may be derived with certainty from the
experiments of pathologists.

¢¢The view at present held with regard to the posi-
tion and extent of the cortical province of speech, is
based upon innumerable data derived from dissections
of the brains of aphasic patients. It has gradually
arisen through the comparison and co-operative com-
pletion of the experiments of various investigators.
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¢« The first after Gall to assign to language a prov-
ince in the brain was Bouillaud, whose theories were
based upon observations and the data of dissection:
Bouillaud fixed the seat of articulation of words in the
frontal lobes. He did not succeed however, despite
a struggle continued through many years, in establish-
ing this idea, manifestly in consequence of the mis-
credit that it awakened by reason of its similarity to
Gall’s views. This was also the fortune of M. Dax
and of his son G. Dax, who endeavored to prove by
the help of a rich collection of pathological cases, that
disturbances of speech regularly occur upon lesions of
the left hemisphere but not upon lesions of the right.
A reversion of the general opinion set in when, in the
year 1861, Broca, originally an opponent of Bouillaud,
adopted the doctrines of the latter in all their principal
points, and more accurately fixed them by affirming
_that it was the gyrus frontalis inferior sinister which
must remain unimpaired if the power of speech is to
be retained. The circumstance that it is the left hemi-
sphere in whose province the special function of lan-
guage belongs, he later brought into connection with
the fact, that people as a rule employ this hemisphere
more,as well for mechanical operations as in writing,
all of which is done by preference with the right hand.
‘“ From that time on, the doctrine of the localiza-
tion of the function of speech became almost generally
accepted, and the only question then before scientists
was, to determine with greater precision, by means of
new and thoroughly examined cases, the territorial
limits of this function, its individual deviations, and
the conditions of preference of the left hemisphere.
¢« The posterior part of the gyrus frontalis inferior
sinister and the island of Reil of the left side, must be
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regarded as the actual cortical province of speech : it
is exceptional that lesions of these parts do not pro-
duce disturbances of speech. On the other hand,
disturbances of speech sometimes occur even when
the lesion does not affect either of these two cortical
regions. But in these cases the lesions are almost
always in the adjacent portions of the cortex. Itis
manifest that, in such exceptional cases, we have to
do with important individual deviations, and that the
cortical province, as it must be inferred for other rea-
sons, is not the same in all persons.

¢ There is a very great number of cases which
sufficiently demonstrate the part played by the left in-
ferior convolution ; I shall cite here but a very strik-
ing one, reported by Simon. By a fall from a horse,
as was found out from a section afterwards made, a
man had driven a splinter of bone from the roof of the
skull into the convolution in question. No other in-
jury to the skull was discoverable. The man had
arisen immediately after his fall, and was about to
mount his horse again, when a physician who accom-
panied him asked that he submit to an examination.
No symptoms of disease whatsoever, except speech-
lessness, were noticeable. He was able to communi-
cate, however, by signs. He died later in consequence
of inflammatory affections which followed the injury
to the brain.

¢¢ According to statistics compiled by Lohmeyer,
in every fifty-three cases of aphasia there are about
thirty-four in which the left inferior frontal convolu-
tion is either alone the actual seat of disease or some-
how stands in connection with it.

*
* b3
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¢ The remarkable fact that in the production of
speech the left hemisphere is so much more directly
engaged than the right, is firmly established : Séguin
calculated, from a collection of two hundred and sixty
reports of cases of this type, that the number of in-
stances in which aphasia arises from lesion on the
left side, stands in proportion to the number of those
in which impairments occur on the right side, as
14°3 :1 ; with reference to which it must be remarked
that—as has been shown by other calculations—no
deception is here caused by the possible circumstance
that in general more injuries occur on the left side
than on the right.

«¢This fact, which does not wholly agree with the
ideas that we are accustomed to entertain of the cor-
tical functions in general, we must accept as such,
and seek only an incomplete analogy in the circum-
stance referred to by Broca, that our left hemisphere
must be more skillful and more practiced in the ex-
ecution of mechanical operations than the right. An
incomplete analogy, we say, by reason of the fact that
the direct innervations of the right hand are effected
unilaterally by the left hemisphere, the innervations
of the muscles of speech, on the other hand, take
place bilaterally.

‘“But to a certain extent the analogy holds. If as
the result of early lesions, or from birth, the motory
cortical province of the right arm is lacking, the indi-
viduals thus affected train the left arm—that is the
right hemisphere—to perform mechanical tasks. Cases.
to this effect have been reported by Moneau, Kuss-
maul, and others. The same, we must presume, holds
good of language. Alsoin two cases on record, the dis-
turbance of the cortical province of speech dated from
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childhood; and the fact that notwithstanding this
these people could speak well, is undoubtedly only to
be interpreted in the following way, that the island,
the lowest frontal convolution, etc. of the »igAz hemi-
sphere had taken charge of the functions of language.

¢In this connection a case reported by Schwarz
is of interest. Ina well-developed three-year old girl,
during convalescence from measles, speechlessness
with partial paralysis of the right arm suddenly set in.
The lesion accordingly lay in the left hemisphere.
The condition of the patient improved, yet the girl
had to learn to talk again from the very beginning,
and in so doing acted like the normal child that is
learning to speak. :

¢ The left side, accordingly, does not exercise the
exclusive prerogative of the superintendence of speech.

¢“The analogy is still further applicable. It ap-
pears that so-called left-handed individuals, who as
contrasted with the majority of men have trained their
right and not their left hemisphere to perform mechan-
ical work, also employ their right hemisphere in
speech. Pye Smith, Jackson, and John Ogle, Mongié,
Russel, and Wm. Ogle have observed cases that ap-
pear to substantiate this. Left-handed people, namely,
had become aphasic through lesions on the right side
of the brain, and—a fact which proves more—where in
a collection which Wm. Ogle made of one hundred
cases of aphasia there were three left-handed men, in
the case of each the lesion affected the right hemi-
sphere.”
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V.
EXPERIMENTS UPON ANIMALS.

IT is a strange fact that the hemispheres as well as
the corpus striatum exhibit no sensitiveness to pain
whatever. They can be cut, irritated, or maltreated in
any way without causing direct suffering.

Experiments have been made to deprive animals
(mostly pigeons, hens, and frogs, but also dogs) of
their entire hemispheres. A pigeon without its hemi-
spheres stands firmly on its feet if only the cerebellum
remains unimpaired, but has lost all signs of intelli-
gence. It behaves as if it were asleep. It will stand
quietly in one place for hours and hours.

A brainless pigeon is without clear consciousness
because it has lost all the memories to which sensory
irritations may be referred. Yet it is.not entirely void
of feeling. The sensory and motory nerves perform
their functions as usual, and with perfect harmony.
The pigeon ¢ quivers if a pistol is shot off near by ;
its eye winks at the approach of a flame, and the pu-
pils contract. It turns away from ammonia vapor”
(Landois). Its consciousness however, if conscious-
ness it can be called, is limited to the moment and to
that one sense-impression which takes place at the
moment. This sense-impression remains isolated, it
cannot be compared with former memories. Thus it
remains ununderstood, and is quickly forgotten.

Hens endure the operation better than other birds.
For a few hours, they lie exhausted ; then they rise
and remain in a sitting posture. Again, after hours,
they walk about, scratch the floor of the room, and af-
ter a few days they begin pecking for food, although
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there may be nothing on the ground. Some hens
learn again to eat and drink, if water and food is put
into their bills, and thus can be kept alive as living
automatons for several months. (See Exner in Her-
mann’s ‘‘ Physiologie,” Vol. 11, Part II, p. 199.)

Frogs preserve perfectly their equilibrium after re-
moval of their hemispheres. If turned on their back,
they will rise to their feet. If irritated, they will make
two or three jumps, with a view to escaping. If
thrown into water, they will swim until they touch the
wall of the basin; then they will creep up on the
edge, where they remain. In all motions producible
as direct reflexes upon their proper irritations, they
show a perfect mastery of their limbs and harmony of
movement. Yet without irritation there is no motion;
there is no spontaneous voluntary action whatever. A
brainless frog, if left to itself, will remain quietly on
the spot where it has been placed, as if asleep ; it
will take no food, betrays no consciousness of hunger
or thirst, shows no sign of fear, and unless artificially
fed, will in time dry up like a mummy.

That which in animals and in man appears to us as
spontaneous and voluntary motion, is the result of
cerebration among the memory-pictures of the cortex,
acting, as we suppose, in co-operation with the cor-
pora striata. 'When the memory-pictures have been
removed, an animal is unable to act except in response
to sensory impressions, that is by direct reflex-mo-
tions.

-

Goltz invented a new method to remove the hemi-
spheres of animals, which has the advantage of caus-
ing less irritation than the scraping them out with a
knife or a sharpened spoon. . He injected through
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small apertures in the skull a jet of cold water, and
thus succeeded in washing out the cortex without in-
juring other parts. Goltz distinguishes two kinds of
effects : those which after some time pass away and
those which remain for good. The former are mere
temporary disturbances, while the latter alone can be
considered as a loss of functions which have their seat
in the removed parts.

A dog that has been deprived of the greatest part
of his cortex is, as Goltz expresses it, an extremely
complex reflex-mechanism that eats (fressende Reflex-
maschine). He behaves like a perfect idiot, walks
slowly and awkwardly, with the head downwards. His
sense of touch all over the skin is obtuse. He shows
a lack of information concerning the surrounding world
and his own body which is mainly noticeable when he
is fed. He sees, but like a sleep-walker who avoids
obstacles without being aware of what they are. He
hears, for he can be roused from his sleep by loud
calls, but he hears like a man who is but half-awak-
ened from a profound sleep and has not as yet recov-
ered his full consciousness. The disturbances of all
the other senses are analogous. He howls when hungry,
but does not search for food. If fed, he eats until his
stomach is full. He shows no indications of sexual
instinct, and is generally without any interest or sym-
pathy.

VL

MEYNERT'S THREE SYSTEMS OF PROJECTION
AND PSYCHICAL ACTIVITY.

THE motory as well as sensory centres of the hemi-
spheres must be considered as psychical regions; that
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is, they are the places in which the action of the nerv-

ous mechanism may be and often is accompanied with

_ consciousness. This is corroborated by the fact that
an irritation of these regions does not produce the
usual result in new-born animals ; their psychic activity
is not as yet developed and a few fibres only are dif-
ferentiated in the white nerve-substance of their hemi-
spheric region. In further support of this the circum-
stance can be adduced (according to Schiff), that these
cortical centres cease to work if the animal manipu-
lated upon is kept under the influence of chloroform
or other narcotics.

Consciousness is the most complex and concen-
trated form of feeling. Feelings, we can fairly assume,
may take place in all the innumerable cells of our body
so long as they are alive. But these feelings are ex-
tremely weak and by far the greater part remains iso-
lated. Feelings, we assume, depend upon a special
form of activity in animal substance. The sensory
fibres of the nervous system are a mechanism con-
structed to co-ordinate and concentrate the various
feelings ; while the motor fibres co-ordinate the geflex-
activity in such a way that it may be subservient to,
that is, it may act upon irritations received from cer-
tain co-ordinated centres of feeling. The final con-
centration of both activities, sensory as well as motory,
takes place in the hemispheric region and it isin this
final concentration that consciousness is produced.

Meynert considers the whole nervous mechanism of
man as ‘‘ three superordinated systems of projection.”
The first or highest system of projection is the corona

. radiata, comprising all those tracts which connect
the hemispheric ganglions, the thalamus, and the Four
Hills. As the second system of projection Meynert
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MEYNERT'S REPRESENTATION OF THE NERVOUS SYSTEM.

(After Meynert's investigations ; reproduced from Hermann'’s Physiology,
Vol. II, part II, p. 303,)
C. Cortex of hemispheres.
L. Lenticular body.
S. Tailed body (nucleus caudatus).
L. and S are the hemispheric ganglions, called Striped Body.
Thalamus.
Four Hills.
Olfactory nerve (Rieck-Kolben).
Eye.
Small Brain or Cerebellum.
Brachium ad Cerebellum. (Bimdearm.) Tracts connecting the Small
Brain with the hemispheres.
kW. Posterior (sensory) roots of spinal cord,

®XxAANN

vW. Anterior (motory) roots of spinal cord.

MM. Two sections of the Medulla in the spinal cord.

1. 7. Voluntary motor tracts, passing into the lenticular Z and tailed bod-
ies S, whence they issue downwards. They form part of the crus cerebri cross-
ing over to the other side in the inferior pyramidal decussation (%. 2.), and
descend to their respective anterior roots in the spinal cord.

2. 2. Involuntary motor tracts, They pass from the cortex into the Thala-
mus 7 and the Four Hills 7, whence they issue downward to their anterior
roots forming part of the tegmentum. If there is any decussation in these in-
voluntary tracts, it can take place in the spinil cord only as indicated in the
dotted lines near 7.

3. 3. Sensory tracts, crossing to the other side and forming the superior
pyramidal decussation, in oP.

4. 4. Optic tracts.

5. 5. Olfactory tracts.

6. 6. Cerebellar tracts of B.

7. 7. Commissural fibres, connecting both hemispheres.

8. 8. Commissural fibres interconnecting the different provinces of one
hemisphere.
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describes the course of fibres from the great ganglions
(viz., thalamus, Four Hills, and corpus striatum) to
the central gray substance which forms the walls of
the aquaductus Sylvii and the bottom of the fourth
ventricle.

In the accompanying diagram representing Mey-
nert’s view of the nervous system, the lines connecting
7 (thalamus) with » /¥ (anterior root of spinal cord)
are paths of reflex motions descending from the thala-
mus. Their presence is proved by the fact that after
the destruction of the voluntary motor tracts an in-
voluntary mobility is preserved which can be produced
through simple reflex-action so long as the thalamus
remains unimpaired.

The third system of projection are the fibres below
the central gray substance, namely the motor and sen-
sory nerves which connect this part of the nervous
system with the periphery.

The cerebellum forms a central organ of its own,
being in connection with the hemispheres, the pons,
and the medulla.

Every system of projection from the most periph-
eral to the most central, from the third to the first, is
a further concentration of feelings and of their corres-
ponding motor reflexes. The first system, which is the
highest and most centralized, is alone the seat of con-
sciousness. Accordingly no feeling, no sensation, nor
any motion, can become conscious unless it be pro-
jected into the hemispheric region. All sensory irrita-
tions which do not rise into, and all motory reflexes
which do not originate from this highest region—re-
main unconscious. .

We say that no nerve-activity except that which is
projected into, or takes place in, the hemispheres can
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become conscious; but we do not say that all the
nervous activity of the hemispheres does become con-
scious. Many most complex actions, motions as well
as sensations, and even long chains of logical reason-
ing, which can have their seat in the cortical substance
only, aré performed unconsciously. Accordingly, it
is but a small part of the cerebral activity that enters
into consciousness. Only the mountain peaks of cere-
bral nerve-activity, if they rise through a process of
further co-ordination above the great mass of sub-
conscious states, are illumined by a glow of concen-
trated feeling or consciousness.

Meynert’s investigations have been modified of late
by Wernicke,* in so far as Wernicke demonstrates
that the Shell (putamen) of the lenticular body and
the nucleus caudatus do not receive fibres from the
corona radiata. They form no intermediate stations
between the hemispheres and the periphery. This
function has to be limited to the inner stripes of the
nucleus lentiformis (which are called the globus pal-
lidus). The Shell forms a terminus of its own quite
analogous to the cortical region.

We have some reasons to believe that the Striped
Body, in its terminal structures in the Shell and Cau-
date Body, performs a special and most important
function of cerebral activity. This, it appears, can
only be the function of consciousness. Whether our
hypothesis is justified or not, we must leave to those
who are competent to judge. We shall in the follow-
ing chapter explain the reasons that have suggested
the proposition of our theory, and shall be glad if
specialists will take the matter in hand and give their
opinion as to its tenability.

* Wernicke, ZLekrbuck der Gehirnkrankheiten, Cassel, 1881.
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VII.
THE SEAT OF CONSCIOUSNESS.

WHEN unable to go to sleep, we try to force our-
selves to do so by inhibiting all thoughts; we attempt, as
it were, to empty consciousness of all its contents. Yet
this is very difficult, for as soon as one thought has been
suppressed, another makes its appearance ; and if this
second thought is refused admittance a third one
succeeds in forcing its entrance. A constant battle
has to be waged to keep down all mental activity.
Thoughts, pictures or abstract concepts, and memo-
ries of all kinds rise again and again. We can never
attain a state of pure consciousness which is void of all
contents. When we succeed in suppressing all mental
activity, we fall asleep. Every attempt to think of
nothing, no less than every attempt to confine thought
for any length of time strictly to one monotonous im-
age or idea, is a kind of self-hypnotization.

When we walk along on a road which exhibits no
noteworthy variety to the traveler, we may proceed
without observing anything. We walk almost uncon-
scious of our movement. Yet, if the road divides before
us, doubt arises in our mind as to which way we shall
take. Doubt is a problem that requires settlement, and
if it is not settled it causes, so long as the doubt lasts, a
state of tension which makes us conscious of the situ-
ation. Consciousness is an intensified state of feeling
caused through tension. It lies between a want and
its satisfaction. Satisfaction not being immediately
attainable, feelings are no longer in a state of equilib-
rium, and it is this tension which concentrates and in-
tensifies feeling into consciousness.
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It appears that consciousness never arises without
a certain tension. Days spent in an idyllic life flow
away almost unconsciously; there is little friction,
there are no problems to be solved ; there are no unsat-
isfied wants, or if there are any, they are quickly and
easily attended to. THere is no need of conscious-
ness, there is not much tension to call it into play, so
life passes dreamlike as a tale that is told. The more
life is burdened with problems that démand a man’s
full care and deliberation, and the stronger are his at-
tempts to solve the problems of his situation, the more
intense will his consciousness be.

It appears to me very doubtful whether conscious
beings could exist in a world—if such a world were
possible at all—where the struggle for existence was
unknown ; for it is the struggle for existence that pre-
sents the first and most imperative problems to living
and feeling beings.

Man is a creature full of needs, and while attending
to these needs he has developed and constantly does
develop a not inconsiderable amount of consciousness.
If he had no needs he might degenerate into a half-
vegetative state of existence like that into which cer-
tain parasitic infusoria have fallen, which, their sole
wants being fulfilled, cease to exhibit even the most
general symptoms of animal life, i. e., free motion.*

We may compare the tension of consciousness

* “ There is, for instance, the female of the bark louse (Coccus) which,
when fully developed appears as an entirely immovable body, not unlike a
shield, as though it were an excrescence on the leaves of the plants upon which
it sits. Its feet are degenerated. The proboscis of this creature is imbedded
into the tissues of the leaf, the sap of which it sucks. The whole psychical
activity of this parasite consists in the pleasure of sucking the sap and in
coition with the males, who move about. The same is true of the grublike
females of Strepsiptera, who, without wings and feet, pass their<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>